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ABSTRACT 
Hsieh, Chia Chu; 1935; Water Budget of Bear River Delta; Department 
of Civil Engineering; Professor J. E. Christiansen, major 
professor; Professor Jay M. Bagley, thesis director. 
Thi s study was made to prepare a mean annual water budget 
of the Bear River Delta, Utah, and to determine the a verage annual 
outflow from the area into the Great Salt Lake. Solution of the 
hydrologic continuity equation was the analytical method used in 
deter .mining the budget. Outflow to the lake was obtained as the 
residual between all items of inflow and other items of outflow. 
Three budgets were made using different techniques of estimating 
so.me of the items in the equation in order to serve as comparison 
checks on the final value of outflow to the lake. The time base period 
for the three budgets was the 25 year period 1939 to 1963. The 
average annual outflow to the Great Salt Lake was estimated to 
be between 863,000 and 1,097,000 acre feet. 
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INTRODUCTION 
Purpose and scope 
The hydrologic continuity equation states that the sum of all 
ite.ms of inflow for a given period of time plus the changes in the various 
kinds of storage during the same period must equal the times of outflow. 
,This equation can be used effectively to obtain a reasonably good 
understanding of a total flow syste.m and specific components of it. 
The best possible evaluatio~ of each component of supply and disposal 
must be .made and then incorporated into a hydrologic budget. 
The Bear River Delta between Cutler Dam and Great Salt Lake 
was cho sen for study to evaluate such a water budget. Data froITl 
various studie sand inve stigations were used to evaluate specific 
items of inflow, storage, and outflow. Special e .mphasis was placed 
on the estimation of evapotranspiration, which is the lar ge st component 
of outflow. 
Objecti ve s 
The major objectives of this study were: 
1. Determination of total evapotran spiration by irrigated crop s, 
native vegetation and non-cropped land in the Bear River Delta, Utah. 
2. Estimation of unmeasured tributary inflow to the Bear River 
Delta area from the surrounding mountain areas. 
3. Preparation of a total water budget for the Bear River Delta 
between Cutler Darn and the Great Salt Lake. 
2 
4. Estimation of annual outflow from the Bea r River Delta to 
the Great Salt Lake. 
Procedure 
All available local hydrologic and climatologic data were 
collected. A land use classification was made and provided a detailed 
description of the study area. Unit co.msumptive use rates for the 
various types of vegetation, bare soils and water surfaces were 
deter .mined by accepted methods and from recent experimental 
measurements made on local bird refuges by Christiansen (1962). The 
esti.mate of total evapotranspiration was made by summing the products 
of the unit-water-use of each type of evaporation surface and its area. 
Various maps including soil .maps, water table maps and geological 
maps welle used to supplement a "windshield" survey of land uses by 
aerial photo s in the study area, 
Recorded and estimated streamflows from all tributary streams, 
as well as the Bear River itself, were obtained from various sources. 
Where necessary, records were extended in time and/or place by 
conventional correlation methods . 
After obtaining the best possible values for all of the items of 
inflow and outflow, water budgets were compiled according to specific 
hydrologic boundarie s. 
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REVIEW OF LITERATURE 
The hydrologic cycle repre sents the different phase s through 
which water in nature circulates and is transformed. Successive stages 
of this endless cycle include precipitation, runoff, infiltration, percola-
tion, and evapotranspiration (see Figure 1). The quantitie s of water 
gding through any phase of the hydrologic cycle can be described by 
a form of the continuity equation known as the hydrologic equation. It 
simply state s that 
o = I + 6S 1 
where 
o is the outflow during any given time period and include s 
evapotranspiration as well as surface and subsurface flow 
acro s s the boundarie s of the study area; 
I is the inflow during the same given period and includes 
precipitation along with surface and subsurface infl9w to 
the area; 
6S is the change of storage in any form of retention. 
In any particular study each component of Equation 1 must be 
exhaustively selected and evaluated. The pertinence to this study of 
each item in Equation 1 was reviewed primarily on the basis of how it 
aided ip the identification and measurement of the various compon~nts 
o~ the water budget . The literature review is, therefore, divided into 
Figure 1. Hydrologic Cycle 
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four categorie s: precipatation, runoff, e v apotranspiration, and change s 
in storage. 
Precipitation 
i 
All rrlethods of deter-mining water shed precipitation are ultirrlately 
based On finite sa-mples of point rrleasure-ments. Although there al"e 
errors in point -measurerrlents because of the gr e at precipitation 
variati<;:ms within relatively short distances the largest error COrrles 
frorrl inadequate sa-mpling. The arith-metic -mean, the Thiessen 
Polygon, and i sohyets are cOrrlrrlonly used to e stirrlate water shed 
precipitation. The isohyetal .-method gives the .-most accurate results, 
how~ver, its reliability depends on the accuracy with which the isohyets 
are drawn. Early researchers atterrlpted to irrlprove this accuracy by 
correlating precipitation with elevation and other physiographic 
features and this technique is still valid. (Lee (1911), Henry (1911), 
and Alter (1919) were the first to use such relationships in the 
rrlountainous we stern United State s. 
Spreen (1947) developed a technique for correlating precipitation 
averages with physiographic features which has been successfully 
applied to develop isohyetal -maps for various areas. 
Peck and Brown (1962) developed a technique in which ano-molies 
in precipitation and elevation relationships were used to irrlprove the 
accuracy of locating isohyets in rrlountainous areas. They have 
prepared isohyetal rrlaps of the State of Utah using this technique. ~n 
preparing these -maps adjust-ments were also -made to account for 
probable errors due to instrumental limitations, faulty observations, 
and wind and exposure factors. These maps are presently considered 
to be the most accurate means for showing geographic distribution of 
precipitation in Utah and were, therefore, used as appropriate in this 
study. 
Runoff 
The U. S. Geological Survey has e stab li shed gaging stations on 
most large streams which measure runoff. However, small strea.ms 
are largely ungaged or have only very short periods of record. In 
attempting to obtain so.me estimate for thi s type of runoff, Nixon a;nd 
Schwab (1954) developed a method based on climatic and physiographic 
characteristics for watersheds in Southern Iowa. 
Bagley, et al., (1964) developed an "isorunoff" map for Utah 
based primarily on gaging station records, but with the location of the 
i sorunoff line s adjusted for cli.matic and physiographic factor s. Where 
gaging station records were unavailable, maps and relations fro.m this 
study were used to estimate the unmeasured items of runoff. 
Evapotranspiration 
Many methods for estimating evapotranspiration have been 
developed. These include approaches such as Penman (1948) in 
6 
England; Turk (1954) in France; Sharov (1959) in Rus siai and Lowry and 
Johnson (1942), Hargreaves (1956), Thornthwaite (1948), Blaney and 
Criddle (1950), and Christiansen and Mathison (1962) in the Unites States. 
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Criddle (1958) grouped the methods for estimation of evapotranspiration 
into three general categories: empirical methods; theoretical .methods 
bases on the physics of the vapor process; and theoretical methods 
based on the energies involved. However, the methods developed by 
the relationships betw-een experimental data and various climatic and 
water supply data are generally used for most areas. In reviewing 
these various methods, one can note that the Blaney-Criddle (1950) 
formula, which correlates actual comsumptive use with monthly 
temperature and the .monthly percentage of annual day time hours, is 
the simplest for estimation of evapotranspiration by crops and native 
vegetations. The Hargreaves (1956) formula, which calculated 
evapotranspiration as a function of mean monthly temperature, mean 
monthly relative humidity at noon, and a monthly daytime coefficient. 
is also in use. 
Both the Blaney-Criddle and the Hargreaves methods were used 
in thi s study to calculate seasonal evapotranspiration. The use of 
these two methods was to obtain a check on calculated a .mounts 
rather than to co.mpare methods. 
For estimates of water surface and marsh area evaporation the 
Chri stiansen and Mathi son (1962) equations for pan evaporation vyere 
used along with their reco.mmended coefficients for reducing values 
to natural water surfaces. This equation also provided meaqs of 
esti .mat~ng non-growing season water uses. 
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Change of storage 
The hydrologic equation (Equation 1) is always written for a 
specific time interval. If the ti:me period is reasonably short (week, 
month, season, or year) a marked difference can be expected between 
the sum of the inflow and outflow items. This difference is attributable 
to 'aggregate changed in items of storage. The longer the period 
associated with the hydrologic equation, the closer the overall balance 
obtained between inflow and outflow. Where items of inflow and 
outflow are long-time average s, change s in storage become inconse r 
quential and may be dropped from the equation. For short time per~od 
balances changes in storage within the budget area .must be obtained. 
Such storage may be in surface re servoir s, lake s, ponds, etc., soil 
moisture, or groundwater. There are no storage reservoirs in the 
study area. There are extensive pond or lake areas, however, that 
are used principally for migratory bird habitat. In much of the mud 
flat and mar shy area little change in soil .moisture storage take s 
place. However, for the monthly water budgets which are describer;! 
later these storage quantities are evaluated. 
Time base 
Another factor of importance in a water budget study is the 
seleGtion of a time base for which all data corresponds. In this 
investigation, solutions reflecting rather long-time .mean average 
conditions are of primary interest. Data available varied in length 
9 
from only a fraction of a year to more than 70 year s. Hence, adjustments 
were .made as ne ce s sary so that all items repre sented truly average 
conditions during the period. In general, the primary base period 
selected was the 25 year period 1939 -1963. Unpublished studie s at 
Utah State University relating error of estimate to n,umber of years of 
record indicate that for records over 20 year s in length the error of 
esti.mating the mean remains fairly constant. Therefore, some data 
such as isohyetal and isorunoffffiaps which were based on a slightly 
different time period were used without adjustment. 
DISCRIPTION OF THE STUDY 
Geographical discription 
Bear River Delta, as defined in this study, 1S a valley located at 
the northern edge of the Great Sa lt Lake in north central Utah (s ee 
Figure 2). The delta itself includes that land within the Bear River 
Valley extending from Cutler Dam to the northerll edge of the Great 
Salt Lake. The valley extends ·32 miles from north to south. It is be-
tween 6 and 20 miles wide with mountains on either side rising some 
lp 
2000-5000 feet above the delta floor. The delta land is relatively smooth 
and slopes gently towards the south. For water budget purposes the 
mountainous tributary watershed is included as part of the hydrolo~ic 
entity. (See Figure 2) 
Elevations range from about 4,350 feet in the northern part of the 
delta to about 4,208 feet on the large flat area of the Bear River Refuge. 
There are many small towns in the Delta. Garland lies in the north; 
Bear River City and Corinne a re located in the middle; and Brigham City 
lies at the south eastern edge of the delta at the base of the WellsviFe 
Mountains. 
The area contains about 272,200 acres of land, of which 83,500 
acres are irrigated. Most of the acreage is either non-cropped land, 
water surface, or native rangeland. The soils in the southwest portion 
of the valley are highly alkaline. 
1------::--.... , 
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Figure 2. Hydrologic boundaries and climatological area, BeFtr River Delta 
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Climatological and hydrological setting 
The ITlean annual teITlperature of the delta area is just under 50 0 F, 
with the average annu2l ITlaxinl.a and the a verage annual ITllnlITla teITlpera-
tures being 63 0 and 36°F, respectively. The (2S o F) frost-free period 
(last day in spring and first day in fall when the teITlperature drops to 
2S oF) varies slightly froITl north to south. The a verage is lS7 days 
occurring between April IS and October 22. The average ITlea n annual 
precipitation over the d e lta is 13.79 inches. 
The delta area is fed by three surface strea ITlS of whi ch the 
Bear River is by far the larger one. It has a ITlean flow as it enters the 
Delta below Cutler DaITl of ITlore than 1,000,000 acre-feet. The ITlq.xiITluITl 
mean annual discharg e, 2,556,000 acre - feet, occurred in 1907 and the 
miniITluITl mean annual dis c harge, 319,400 acre-feet, in 1934, gives a 
good indication of the wide variation that exists in the water supply of 
the area. 
AVAILABLE DATA 
Climatological data, streamflow data and the information needed 
to estimate evapotranspiration were collected and summarized. 
Climatological data 
A summary of the climatological data is glVen In Table 1. 
13 
Monthly values of other important climatological factors are compiled 
in Table 2. The trends of monthly evaporation, relative humidity, 
percentage of possible sunshine, and wind are shown in Figure 3. 
Monthly temperature and precipitation are shown in Figure 4. Snowfall 
data available is shown in Table 3. Most of the climate data are from 
published or unpublished records of the United States Weather Bureau. 
The published precipitation data were supplemented by Peck! s (1962) 
isohyetal map. Unit and total precipitation data. are summarized ln 
Tables 4 and 5, respectively . The isohyetal map is Figure 5. 
Streamflow data 
A summary of the streamflow records, including canals and 
springs, is shown in Table (). The mean monthly values of strea m .flow 
for the important rivers and ca nals is compiled in Ta ble 7. The dis-
charges within the boundary of the study area are shown in Table 8. 
The streamflow data of the important streams, a s listed in Table 7, 
were taken from published records of the U. S. Geological Survey. 
14 
Tab Ie 1. Climatological data, Bear River Delta, Utah 
I 
Climatological areas 
Brigham Bear Rive 
Ite.ms Garland Corinne City Refuge Average 
Station 
eleva,tion ft. 4350 4233 4300 4208 4272.7 
,--
Average a 
elevation ft. 4343.74 4242. 26 4234.96 4206.91 4259.5 
Latitude NO 41° 44' 41 ° 3 3' 41 0 29' 41°28' 41 °34' 
Longitude EO 112u lO' 112°07' 112°02' 112°16' 112°09' 
Mean annual 
temperature F O 48. 30 49 . 02 50.65 50.57 49.63 
. , 
Mean ann. max. 
temperature FO 61. 27 63.52 63. 17 63. 09 62.74 
. 
Mean ann. min. 
temperature FO 34.73 34. 36 38 , 23 38.08 36. 36 
Mean ann. temp . 
difference FO 26.54 29. 16 24.94 25.01 26. 38 
Average Sprin~ April 26 April 27 April 11 April 7 April 18 
fro st date s Fall Oct. 10 J Oct.12 Oct. 31 Nov. 2 Oct. 22 
--Fro st free 
period days 167 168 203 209 
Mean annual 
precipitation 14.86 13.53 18.09 11. 77 
Mean ann. humidity 
daily ave . d 56 55 54 54 
Mean annual 
evap. (pan) in. 63. 19 65.28 64.98 66. ~6 
Mean growing I 
season evap . (pan) 51. 80 53 . 18 57.82 l 60. 15 
a , , (Elev. x A) 
Calculated from equatlOn Elevatlon (ave. ) = ":'---:-l---+-
tota area 
187 
14.56 
55 
64.95 
55.69 
b Mean annual max i .mum temperature - Mean annual minimum temp. 
CLast day in Spring and first day in Fall when the temp. drops to 
28°F, calculated from U , S . Weather Bureau data 
dRelati ve humidity estimated from Salt Lake AP data. See Appendix 
A, Figure 18 
eEstimated from various methods. See Appendix A, Figure 19 
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Table 2. Important climatological factors, Bear River Delta, Utah 
Percentage Percentage 
a 
a b 
Wind of day- Daytime 
movement hme hour coefficient 
Month (miles) p d 
Jan". 1298 6.60 0.798 
Feb. 1419 6.68 0.804 
March 2241 8.28 0.997 
April 2397 8.96 1. 083 
May 2313 10.07 1. 212 
June 1906 10. 17 1. 225 
July 1538 10. 37 1. 242 
Aug. 17 33 9.62 1. 149 
Sept. 1354 8.42 1. 010 
Oct. 1456 7.75 0 . 924 
Nov. 1248 6. 65 0.798 
Dec. 1276 6.43 0.768 
Annual 20179 100 . 00 
a From Bear River Refuge records 
b 
From Smithsonian Meteorological Tables, 1951 
Climatic of possible c • 
factor sunshine 
c % 
O. 118 52 
O. 143 51 
O. 163 57 
0.198 67 
0.232 73 
O. 258 79 
O. 2&5 86 
O. 278 85 
O. 247 85 
0.209 75 
o. 160 57 
O. 133 46 
O. 202 67 
c 
From Hargreaves formula c = 0.38 - 0 . 0038 h, h is mean monthly 
relati ve humidity at noon 
dEstimated from Salt Lake A. P. data. See Appendix A for further 
details 
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Figure 3. Mean monthly pan evaporation and wind movement 
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Table 3. Mean monthly snowfall, Bear Rive r Delta, Utah 
Brigham B ear River 
Area Garland Corinne City Refuge Average 
Years of 
Data 19 52 37 13 
(inche s) (inche s) (inche s) (inche s) (inche s) 
Jan. 10.7 11. 9 15. 0 11. 2 12. 2 
Feb. 9.8 7.5 9.8 5.5 8. 2 
Mar. 4. 1 4. 0 6 . 6 2.4 4. 3 
Apr. 1.7 1.5 2. 0 O. 5 1.4 
May T O. 2 o. 1 T O. 1 
June T 0 T 0 T 
July 0 0 0 0 0 
Aug . 0 0 0 0 0 
Sept. T 0 0 0 T 
Oct. 0.9 0.4 O. 3 O. 1 0.4 
Nov. 1.9 2. 1 2. 6 1.3 2.0 
Dec. 10 . 1 6.5 11. 3 7.2 8.8 
Annual 39 . 2 34. 1 47.7 28.2 37.4 
Table 4 . Mean monthly unit precipitation, Bear River Delta, Utah 
Delta .area a Mountain area b 
Brigham Bear River 
Period Garland Corinne City Refuge Average Wellsville Blue Spring Average 
Oct. 23 O. 36 O. 34 0.48 O. 32 O. 35 0.59 0.43 0.48 
Nov. 1. 22 1. 16 1. 69 1. 11 1. 21 2,01 1. 46 1. 62 
Dec. 1. 30 1. 47 1. 68 0.90 1. 25 2. 09 1. 51 1. 67 
Jan. 1. 13 1. 38 1. 85 1. 10 1. 27 2.14 1. 55 1. 70 
Feb. 1. 29 1. 26 1. 63 0.85 L 23 1. 95 1. 41 1. 65 
March 1. 53 1. 40 1. 98 L 09 1. 40 2. 34 1. 70 1. 87 
Apr. 17 0.87 0.78 1. 18 0.78 0.84 1. 40 1. 20 1. 13 
Subtotal 7.70 7.79 10.49 6. 15 7.55 12.52 9.08 10. 12 
Apr. 18 0.65 0.60 0.90 0.60 O. 65 1. 08 0.78 0.87 
May 1. 87 1. 54 1. 90 1. 32 1. 58 2.58 1. 87 2. 12 
June 1. 21 0.82 1. 21 0.91 O. 08 1. 72 1. 24 1. 45 
July 0.67 0.49 O. 51 O. 55 0.56 0.76 0.55 0.61 
Aug. O. 68 0.63 0.71 0.49 0.60 0.88 0.71 0.80 
Sept. 1. 21 0.82 1. 19 0.96 1. 00 1. 62 1. 17 1. 38 
Oct. 22 0.87 0.84 1. 18 0.80 0.87 1. 44 1. 04 1. 16 
Subtotal 7. 16 5.74 7.60 5.62 6 .24 10. 18 7.36 8.39 
TOTAL 14.86 13.53 18.09 11. 77 13.79 22.70 16.44 1.8. 51 
aprecipitation in inche s, calculated from U. S. Weather Bureau Climatological data and adjusted irom 
from isohyetal map. 
b For reference calculated from isohyetal map 
...... 
-..D 
Table 5. Mean monthly total precipitation, Bear River Delta, Utah 
Delta area 
Brigham Bear River 
Months Garland Corinne City Refuge Total 
- - - - - - -- - - - - - - - a c r e - fee t - - - - - - - - - - - - - - - - -
Growing period 
O ct. 23 1850 2320 1190 2680 8050 
Nov. 6340 7850 4140 9120 27450 
Dec. 6750 9940 4130 7430 28250 
Jan. 5860 9350 4540 9080 28830 
Feb. 6700 8540 4000 7000 26240 
March 7940 9460 4860 8990 31250 
April 17 4470 5300 2890 6450 19110 
Subtotal 33920 52760 25750 50750 169180 
Non-growing period 
April 18 3420 4050 2210 4930 14610 
May 9720 10420 4690 10890 35720 
June 6290 5520 2970 7510 22290 
July 3480 3320 1290 4440 12520 
Aug. 3530 4270 1748 4040 13580 
Sept. 6290 555D 1920 7920 22680 
Oct. 22 4540 5670 2880 6560 19650 
Subtotal 37270 33800 18700 46290 141050 
ANNUAL 77190 91560 44450 97040 310230 
Mountain area 
Wellsville Blue Spring Total 
--------acre-feet------
1930 2390 4320 
6600 8110 14710 
6850 8400 15250 
7020 8610 15630 
6390 7840 14230 
7680 9450 17130 
4590 6670 11260 
41060 51470 92530 
3570 4340 7910 
8460 10400 18860 
5640 6900 12540 
2490 3090 5580 
2880 3950 6830 
5310 6510 11820 
4720 5790 10510 
33070 40980 74050 
74130 92450 166580 
N 
o 
F i g u re 5 . 
Tremonton f 
Bear River 
City 
("'"\. 25 
~'-.... 20 
Corrine 0 
21 
Normal annual Isohyeta1 map, Bear River Delta, Utah 
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Table 6 . Strea.mflow summary, Bear River Delta, Utah 
Bear River near 
C ollinston, ac -ft. 
East- side canal, ac -ft. 
West-side canaL ac-ft. 
Malad Ri ver near 
Plymouth , ac -ft. 
Box Elder creek 
Brigham-Ogden canal ac-ft. 
Salt creek near 
Honeyville, ac -ft. 
Salt creek near 
Teacher, ac -ft. 
Lee I S spring, ac -ft. 
Conner Spring, ac -ft. 
Mean 
Annual 
1159751 
36420 
170042 
54761 
25160 
18900 
4344.5 
23171.5 
1982 
28964 
Year of 
record 
74 
51 
51 
4 
26 
Period of 
record 
1889-1963 
1912-1963 
1912-1963 
1918~1921 
1937-1963 
1954 
1963 
1956 
1963 
Data source s 
and authority 
Water Supply Paper 
Water Supply Paper 
Water Supply Paper 
(See appen-
Estimated ,dix B) 
Water Supply Paper 
Weber Project 
U. S. Reclarnation 
Office, Logan 
Field spot rneasurernent 
U. S. Reclarnation 
Office 
Fie ld spot rneasurernent 
N 
N 
Table 7. Mean flow from rivers and canals, Bear River Delta, Utaha 
Bear River Malad River Brigham-
near near We st- side East- side Box Elder Ogden 
Collinston Plymouth canal canal creek canal 
OcL 56840 3000 11960 2180 2000 600 
Nov. 69580 4400 4520 310 2000 0 
Dec. 76600 5200 2320 20 1900 0 
Jan. 76810 5200 1290 0 1800 0 
Feb. 87420 7200 830 0 1800 0 
March 106660 9400 270 0 2600 0 
April 144840 7400 30 100 3900 200 
May 123100 4300 23350 5460 3900 1500 
June 62270 3000 32880 7280 1900 2900 
July 12830 2300 38860 9240 1700 5400 
Aug. 18930 2300 36700 8900 1600 5300 
Sept. 25980 2300 26970 5730 1600 3100 
ANNUAL 861860 56000 179980 39220 27600 19000 
a Twenty-five year period (1939-1963) short record streams adjusted as neces sary 
Total 
stream-
flow 
76580 
80810 
86040 
85100 
97250 
118930 
156470 
161610 
110230 
70330 
73730 
65680 
1182760 
N 
W 
a 
Table 8. Natural spring discharge, Bear River Delta, Utah 
Month Lee's Crystal Salt Connor 
Spring Spring Spring Spring Total 
(Bothwell) 
acre-feet acre-feet acre-feet acre-fef!t acre-feet 
Oct. 1'70 370 1970 2460 4970 
Nov. 160 360 1900 2380 4800 
Dec. 170 370 1970 2460 4970 
Jan. 170 370 1970 2460 4970 
Feb. 150 330 . 1800 2230 4510 
Mar. 170 370 1970 2460 4970 
Apr. 160 360 1900 2380 4800 
May 170 370 1970 2460 4970 
June 160 360 1900 2380 4800 
July 170 370 1970 2460 4970 
Aug. 170 370 1970 2460 4970 
Sept. 160 360 1900 2380 4800 
Annual 1980 4360 23190 28970 58500 
a 
Box Elder Lake Springs considered minor and not inc luded 
24 
25 
The records of streamflow for Box Elder Creek near Brigham City, 
and Malad River near Plymouth extended by graphical correlations 
methods are shown in Appendix B. The records of discharge of springs 
in the study area are extremely limited. The only information available 
on some larger springs are point measureme nts and short period records 
held by some local irrigation agencies or field measurements made 
during th~ summer of 1964. These records were used without adjustment, 
for the budget study since available observations indicated their flows 
were relatively constant and constituted les s than 1 percent of the total 
inflow to the study area. The unmeasured runoff, such as flows from the 
tributaries from the Wellsville Range and Blue Springs Hills and small 
intermittent streams were estimated from the water yield maps 
described in Utah Agricultural Experimental Station Special Report 18, 
and is summarized in Table 9. The "isorunoff ll map is shown in 
Figur e 20 in Appendix B. 
Table 9. Unmeasured tributary runoff, Bear River Delta 
Area Runoff 
(acre-feet) 
Valley ar ea (272,200 acres) 8, 850 
Mountain area (106,160 acres) 29,180 
Grand total (378,360 acres) 38,030 
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Evapotranspiration 
The integration method, which determines total evapotranspiration 
by summing the product s of the unit water use of each type of evaporation 
surface and the area covered, requires an estimate of unit water us e for 
each cover type. Field surveys were therefore mc.de to collect data on 
vegetation covers. The soil survey of the study area m2de by Whitney 
(1904) served a s a helpful refer e n ce , p2rtic ularly in regard to soils, 
such as mud, salt flats, and some water areas or swamps and lakes. 
The land use classification for the study area is tablulated in 
Appendix C, and summarized and mapped in Table lOand Fi gure 6, 
respectively. Subsequently, the unit and total evapotranspiration from 
various types of land use are shown in Tables 1 J. and 12, respectively. 
Table 10. Land use classification, Bear River Delta, Utah 
Land use 
Irrigated land 
Alfalfa 
Barley 
Pasture 
Wheat 
Sugar beets 
Orchards 
Other row crops 
Subtotal 
Non-agricultural areas 
water usea': 
No.1 
No.2 
No.3 
No.4 
No.5 
VALLEY TOTAL 
Subtotal 
Garland 
(acre s) 
11900 
6350 
5500 
7600 
7200 
50 
3720 
' 42320 
3500 
12800 
1050 
350 
2400 
20100 
62430 
Corinne 
(acre s) 
7500 
4000 
3500 
4800 
4500 
150 
2400 
26850 
28500 
12600 
5250 
200 
7800 
54350 
81200 
Areas 
Brigham. 
City 
(acres ) 
3000 
1700 
1500 
1800 
1900 
1250 
1450 
12600 
5630 
6700 
3200 
100 
1300 
16930 
29530 
Bear River 
Refuge 
(acres) 
500 
270 
340 
230 
300 
260 
1900 
4800 
3600 
20300 
100 
31350 
97150 
99050 
Total 
(acre s) 
22900 
12320 
10840 
14430 
13900 
1450 
7830 
83670 
79430 
35700 
29800 
750 
42850 
18850 
272200 
a No.1 Salt or mud flats, roads, farm steads, farm lots, very dry vegetation , fallows, etc. receiving 
No.2 
No.3 
No.4 
No.5 
precipitation only 
Medium heavy greasewood, sagebrush, saltgrass with very deep water table and town area 
Dense saltgrass, s.mall cottonwoods, willows with grass, etc. 
Very dense grasses, large cottonwoods, etc. 
Water surface, seeped areas, .marshy areas, cattails, bulrushes, tules, etc. 
N 
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Figure 6 . Land use survey 
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Table II. Unit evapotranspiration, Bear River Delta, Utah 
Areas 
Brigham Bear River Weighted 
Land use Garland Corinne Ci ty Refuge Average 
(inche s) (inches) (inche s) (inche s) (inche s) 
Use between 28 0 F frost-free 
dates 
Irrigated land 
A HaHa 29.92 33.6 1 29.45 34.66 30.60 
Barley 20. 13 20 , 31 20 . 31 22.66 20.28 
Pasture 28 . 52 32. 06 28.85 33 . 07 28 . 68 
Wheat 18.92 21.08 18. 15 21 . 44 18 .96 
Sugar beets 25.03 28.03 25. 35 28.89 25 .68 
Orchards 23.12 26.53 23.42 27.56 26.. 16 
Other row crop s 23. 39 26. 04 23.66 27.06 24. 07 
Non-agricultural areas 
water use:a 
No. 1 10.00 12. 15 10.02 12.50 10 . 56 
No.2 12.55 15. 17 12.67 15.63 13.56 
No. 3 34. 35 39·23 34.86 39.76 38.40 
No.4 38.84 45.93 40. 38 46.72 41. 16 
No.5 43. 33 49.44 44. 18 50.86 49. 08 
Use during frost period 3.71 3. 18 3. 29 1. 72 2.75 
Table 1 1 . C ontinued 
a 
No.1 
No.2 
No.3 
No.4 
No . 5 
Salt or ITlud flats, roads, farITl steads, farITl lots, very dry vegetation, fallows, etc. 
MediuITl heavy greasewood, sagebrush, saltgrass with very de.ep water table, town 
areas, etc. 
Dense saltgrass, sITlall cottonwoods, willows with grass, etc . relatively shallow water 
table 
Very dense grasses, large cottonwoods, etc. high water table 
Water surface, seeped areas, ITlarshy areas, cattails, bulrushe s, tules, etc. 
w 
o 
i.J,.) 
....... 
Table 12. Total evapotranspiration, Bear River Delta, Utah 
Areas 
Brigham Bear River 
Land use Garland Corinne City Refuge Total 
(acre-feet) (acre -feet) (acre -fe et) (acr e -feet) (acr e -feet) 
Use between 28 0 F frost-free 
dates 
Irrigated land 
Alfalfa 29670 18400 8850 1490 58410 
Barley 10650 6770 2880 510 20810 
Pasture 13070 8350 3870 660 25950 
Wheat 11980 7260 3160 410 22810 
Sugar beets 15020 9600 4420 750 29790 
Orchards 50 360 2750 3160 
Other row crops 7220 4740 3150 600 15710 
Subtotal 87660 55480 29080 4420 176640 
Non-agricultrual areas 
water usei! 
No . 1 1840 21680 5090 38840 67450 
No.2 12490 12940 7810 4690 38240 
No.3 3010 15290 10420 67320 96040 
No.4 1130 670 380 390 2570 
No . 5 8670 28720 5360 132870 175620 
Subtotal 27140 79300 29470 244110 380020 
VALLE Y T OTAL 114800 13478D 5855D 248530 556660 
Use during frost period 19300 22260 7830 14200 63590 
ANNUAL 134100 157040 6.63"80 262730 630250 
Table Continued 
a 
No. 1 Salt or mud flats, roads, farm steads, farm lots, very dry vegetation, fallow s, etc. 
receiving precipitation only 
No. 2 Medium heavy greasewood, sagebrush, saltgrass with very 'deep water table town 
area, etc. 
No. 3 Dense saltgrass, s:mall cottonwoods, willows with grass, etc. r e,latively shallow 
water table. 
No.4 
No.5 
Very dense grasses, large cottonwoods, etc. high water table 
Water surface, seeped areas, mar shy areas, cattails, bulrushe s, tule s, etc . 
1.N 
N 
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WATER BUDGET FOR THE STUDY AREA 
A water budget is simply a logical way of grouping all items m 
the hydrologic equation and analyzing them nume rically . Usually 
information concerning some component of the water budget i s lacl~ing, 
making an exact solution impossible. However, by making some 
logical assumptions and by applying various techniques to fill in data 
gaps, areas::> nable water budget .may be determined. Solutions often 
involve the measurement and estimation of all but one item of the 
budget. The unknown item is then deter .mined as the simple difference 
required to make the budget balance. Caution .must be exercised in 
such a procedure because of the large differences which may exist in 
the relative magnitudes of the numbers involved. Although each item 
may be estimated with the same relative precision, a 5 percent error 
in two large numbers may completely obliterate a small residual 
which is obtained by difference s. In thi s study a co.mponent of 
principal interest was the flow from the water budget area into the 
Great Salt Lake , Flow into Great Salt Lake was estimated by using 
different hydrologic entities which were selected to utilize so.mewhat 
different data and thus provide additional check on the calculated 
values. 
Water budget including tributary 
water 'shed 
The first water budget was made using an area bounded by the 
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topographic divide extending from Cutler reservoir to the Wellsville and 
Blue Springs ranges and thence southward to the shore of the Great Salt 
Lake. 
The' boundaries along with the various items of inflow and 
outflow to be included in the balance are shown in Figure "I. Since 
long time mean value s are used, change s of storage on the long term 
basis being used are neglected. The hydrologic equation become s: 
2:0 = 2:1 . 2 
or 
3 
where 0 is the outflow, I is the inflow, and the subscripts are as defined 
in Figure 7 " 
Evapotranspiration from the valley, E , was determined by 
tV 
B laney- Criddle, Chri stiansen-Mathison, or Har greave s ,method 
depending on the particular item being con sidered. In general, the 
Blaney-Criddle formula was used to obtain the consumptive use of 
crops; the Christiansen-Mathison method was used to obtain evaporation 
from water surfaces, and Hargreaves equation was used as a check. 
! IS 2- Malad River 
I 
Ip=total 
precipitation 
EtV=total evapo-
transpiratio 
from the 
valle 
.' 
/ 
, 
I 
I 
I 
I 
\ 
J 
I 
, 
0GSL =total outflow from1 
the area to Great 
Salt Lake 
.... , 
west side 
canal 
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IS I = Bear River 
near Collinston 
IS4 = east side 
canal 
E tM= Evapotrans-
piration from 
the mountain 
area 
IS5 = Box Elder 
creek 
IS6 = Brigham and 
Ogden canal 
Figure 7. Inflow and outflow, Bear River Delta, Utah, 
Evapotranspiration from mountain area, EtM' was determined 
as describ ed in Appendix E . 
The streamflow data are based on the gaging station records of 
u. S. Geological Survey. Table 13 is a tabulation and evaluation of 
the above ite.ms as well as outflow to the Great Salt Lake. 
Water budget of the . valley area, 
Bear River Delta,· Utah 
For this analysis, this hydrologic entity was considered to be 
only the valley area shown in Figure 8, Storage change s are still 
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neglected, but the unmeasured tributarie s from the .mountain areP., and 
the discharg e from the springs now become items of inflow. Actually, 
if the topographic boundary truly represents the hydrologic boundary, 
in the sense that no unmeasured i .mport occurs across this boundary, 
then the source of the spring discharge would include portions of the 
unmeasur ed tributary inflow. In other words, these two ite.ms of 
inflow to the study area would not be independent and could not both 
be included in the hydrologic equation without risk of double counting. 
Actually, so.me of the spring discharges are warm and .mineralized 
indicating a very deep circulation which could quite possibly include 
sources outside the study boundaries. 
In any case, it would seem that to include both items may give 
a value too high while inclusion of either singly .may undere stimate 
the contribution from the se source s. If both items were included 
they still make up less than 2 percent of the total inflow. 
Table 13 Water budget, Bear River Delta, Utah 
IS: Stre2IT1flow Acre-feet 
1. Bear River near Collinston 862,000 
2. Malad River near PlYIT10uth 56,000 
3. West side canal 180,000 
4. East side canal 39,000 
5. Box Elder creek 27,000 
6. BrighaIT1 and Ogden c anal 19,000 
Subtotal 1,183,000 
I : Pr ecipitation 473,000 
P 
1;1: Totalinflow 1, 656,000 
E tv : Evapotranspiration froIT1 \ialley area 620,000 
E tM: Evapotranspirc:tion froIT1 ITlountain 
area 
Subtotal 
0GSL Outflow froIT1 the area to Great 
S2lt Lake 
98,000 
718,000 = 718,000 
938,000 
37 
IG = springs 
inflow 
EtD=valley 
evapo-
transpiratio 
I 
1 
\ 
I O~.f ttal outf~W: I 
o Great alt ake 
38 
east canal \ 
[Ip = precipitation I 
"'---1--'-4 IR = unmeasured I 
I tributary inflow 
• 
'IS5 = Box Elder 
creek 
/
IS 6= Brigham & 
Ogden canal 
Fi gure 8. Inflow and outflow, valley area, Bear River D~lta, Utah 
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Therefore, the hydrologic equation becomes; 
0GSL + E t = 
4 
wht;!re these items are defined as in Figure 8. 
IpV was the weighted mean of the four sub -areas into which the 
valley was divided. The weighting coefficients were based on the areas 
that the point measure.ments were considered to represent. The pqint 
measure.ments included both averages of the precipitation station in the 
valley area and the points from Peck's (1962) isohyetal maps. All 
other it:ems were the sa.me as for the entire area budget. Table 14 
shows the water budget for the valley area and shows outflow to the 
Great Salt Lake as a re sidual. 
Table14 Water budget, valley area, Bear River Delta 
Is: Stream.flow 
IpV: 
I: 
1. Bear ~iver near Collinston 
2. Malad River near Plym.outh 
3. West side canal 
4. East "side canal 
5. Box Elder creek 
6. Brigham. and Ogden canal 
Subtotal 
Precipitation on valley area 
Spring s inflow':< 
Unm.easured tributaries from. 
m.ountain area ':< 
Total inflow 
Evapotranspiration from. 
valley area 
Outflow from. the area to Great Salt Lake 
':< These inflow item.s m.ay not be independent 
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Acre-feet 
862 , 000 
56,000 
180, 000 
39,000 
27,000 
19,000 
1,183,000 
306,000 
58,000 
29,000 
1,576,000 
620,000 
956,000 
Water budget of the valley area on a 
monthly basis 
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The hydrologic boundary for this budget is the same as that for the 
preceding budget; however, when the time bas e is in monthly unity, the 
changes in storage can no longer be neglected . 
The hydrologic equation therefore becomes 
4 
where all items are as defined in Figure 9. 
If a net water us e, W, is defined as the difference between the 
evapotranspiration plus change of storage and the net precipitation, 
Equation 4 simplifies to 
5 
Records are available from whi ch monthly values of streamflow 
and spring discharge can be determined. The unmeasured tributary 
inflow from mountain areas is proportioned in monthly amounts, als o. 
With all items of inflow determined, only the net water use, W, 
remains to be calculated in order to obtain 0GSL as a residual. The 
determination of W is facilitated by dividing the year into the (2S o F) 
frost and frost-free season. During the winter, the difference between 
evaporation and precipitation is assumed to be stored as snow. It is 
further assumed that the accumulated snow storage becomes soil moisture 
storage during the early part of the frost-free period. Tabulation of 
E t = Evapo-
transpiration 
IG = springs' 
discharge 
.6..S change of 
0GSL = total flow 
from the Delta into 
the Great Salt Lake 
I (Ip - I R ) net 
precipitf\.tion 
= total stream's 
inflow 
42 
IRM = unmeasured 
tributary from 
mountain area 
Figure 9. Inflow and outflow, valley area, Bear River Delta, Utah 
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these data are contained m Table 37 , Appendix F. 
The determination of W during the frost-free period is somewhat 
complicated . It was divided into the components according to area use. 
W W = net water us e from water surfaces 
W T = net water use from urban areas 
WI = water loss from the irrigated lands including net evapo-
transpiration and deep percolation 
WN = net water use from the native vegetation a,nd bare soil areas. 
The determination of each of thes e components is now explained . 
Ww is obtained simply as the difference between water surface 
evaporation and precipitation, neglecting changes in stored amounts within 
the water bodies which consist mainly of river and stream channels, game 
refuges, etc. These data are shown in Table 38 of Appendix F. 
W T was obtained b y considering municipal water use records 
adjusted to indicate net depletion. During the growing season all 
accumulated snow storage along with net us es by vegetation within 
municipal boundaries from supplies other than municipal were included 
as total net municipal water use. Thes e data are in Table 39 of Appendix F. 
In order to determine the net water los s, WI ' for irrigated land, 
it was as sumed that the accumulated snow during the frost period was 
converted entirely to soil moisture storage at the beginning of the season. 
The potential soil moisture deficiencies are calculated from monthly 
values of the inflow-outflow items. These deficiences are met from 
irrigation applications. Such inflow amounts supply not only that 
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required in net evapotranspiration but als 0 that which would appear as 
deep percolation. Thus, by calculating amounts necessary to make up 
the soil moisture deficiencies and using an appropriate irrigation 
efficiency factor to arrive at amounts lost to deep percolation, the net 
water loss, WI' to irrigated areas could be calculated . These data and 
calculated quantities are shown in Tables 40.41 and 42 of Appendix F. 
The net water use for non-agricultural land, WN ' was qetermined 
in a manner similar to that used to obtain Wr The same assumptions 
concerning snow accumulation and its conversion to soil moisture wer e 
made. However, since n~me of this land was irrigated, the net use 
figure corresponds tq the amount of water depleted from the soil. For 
cattails, rus hes , etc., no upper limit of pos sible depletion wa~ applied. 
However, for other use area a limit was applied which ranged down to 
the precipitation for those areas which could obtain water only from this 
source . These data are shown in Tab~e 43 of Appendix F. 
After all of the components of net water use, W, hC\.d been 
evaluated, a water budget was made on a month Qy month basis and is 
summarized in Table 15. From the monthly values an annual budget was 
made for comparison with those mad~ previously in a pifferent manner. 
This is included as Table 16. 
The outflow to the GSL, 0GSL' is made up of two components as a 
consequence of the manner in which the budget was accomplished. One 
component more nearly represents surface flow while the other may give 
a rough estimate of subsurface flow into the lake. It should be remembered, 
Table 15. Monthly inflow and outflow, Bear River Delta, Utah 
Inflow Net use 
Period (IS t IG + IRM) W = E + 06. - (I -I ) t P R 
Frost period 
Oct. 23 23600 350 
Nov. .85600 750 
Dec. 91000 1150 
Jan. 90100 1150 
Feb. 102000 1100 
March 124000 900 
April 17 90800 400 
Subtotal 607100 4300 
0 28 Frost free dates 
April 18 99400 4900 
May 166970 2950D 
June 114800 709-00 
July 74~70 138600 
Aug. 78970 102200 
Sept. 70800 43000 
Oct. 22 57970 11-000 
Subtotal 663880 390300 
ANNUAL 1270700 386000 
Outflow 
°GSL 
23250 
86350 
92150 
91250 
103100 
124900 
90400 
611400 
104300 
137470 
4390-0 
-63630 
-23230 
27800 
46970 
273600 
885000 
"'" 
\}1 
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Table 16. a Water budget of the valley area, Bear River Delta, Utah 
IS Streamflow 
1. Bear River near Collinston 
2. Malad River near Plymouth 
3. West-side canal 
4. East- side canal 
5. Box Elder creek 
6. Brigham and Ogden canal 
Subtotal 
Ie Spring's discharge
b 
IpM Un.measured tributary from .mountain 
area 
~I Total inflow 
EW Net evaporation from water surf 
W T Net water use, town area 
WIG Net water use, irrigated land 
W
NT 
Net water use native vegetatic;m 
W I Total net water use 
Os Outflow frorp. the area to the Great 
Salt Lake 
o ~ Sub surface outflow due to irrigatiol1 
.J deep percolation losses 
o GSL Outflow to the Great Salt Lake 
aBa&ed on monthly basis 
b May not be independent 
, \ 
862000 
56000 
180000 
39000 
27000 
19 0 00 
11 8 30 00 
58500 
29200 
1270700 1270700 
97200 
12~OO 
183000 
9]000 
385700 385,00 
885000 
81000 
966000 
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howeve r, that the proportions resulting in eacp. cOITlppne nt is a function 
of the val ue of effic iency need. Also, the v alues of spring flow aml un-
measured tributary inflow ar e both includ e d,whi c h ITlay slightly over-
estiITlate the inflow arrlOunt and ~iUbsequently the outflow value s. The 
monthly accuITlulated inflows and outflows are shown in Figure lOt 
An estiITlate of the accuracy of 
, 
evapotranspiration dat~ 
The fa c t that the re wer e spITle records of flow at the Corinne gaging 
station suggested a way to utilize these data to obtain anothev check on 
reasonablenes s of the profedures used in arriving at the various items 
of .inflow and outflow in th~ budget. This ipvolved dividing the valley 
area into two subareas by an east-west line through tile gaging station at 
Corinne and then ITlaking a water budget on a seasonal basis for the nortt, 
subareas. ( See Figure 11). The hydrologic equation for thi/i area is 
. " 
6 
when all iteITls are as defined in Figure 11., 
Table 17 shows the various iteITls as they appeal' ip Equation 6 
during the frost period and cOITlpares pos sil~le outflpw, D N , with the 
recorded outflow at CQrinne, DC' A difference of only 1~ 15 percent i~ 
noted between the two for the frost period ~nd Slnce the ITlonthly differences 
contain both positive and negative values, leads to the conclusion that 
very liITlited quantities move acros s the boundary . 
Table18 shows the gvowing season budget. This table indicates 
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lSI =Bear River! 
Collinstonj 
lS4 = east canal 
I + . Pc = Bear River 
= pos sible flow ~._"':'~l........0_r_i_n_n_e_--1 
fl,cros s the boundary 
in adqition to, the Bf!ar 
River at Corinne 
ON = pos sible 0tttflow 
Figure 11. InHow and P4tflow, north Corinne area, 
I 
Bear River Delta, Utah 
Tablel7. 
Month 
Oct. 23 
Nov. 
Dec. 
Jan. 
Feb . 
March 
Apr. 17 
Period 
Non-growing period outflow from north CGrinne, Bear River Delta, 1951-1957 
IS +IG+IRM +IPS Municipal Possible Bear River near Difference 
total water use outflow Corinne between 
inflow W T ON °c ON & 0c = 00 
26594.0 580.0 26014.0 22272.0 3742.0 
94289. 5 1500.0 93146.5 90689.0 2457.5 
109042.5 155D.O 1 0706~. 5 107065.5 3031.5 
113042.5 1550.0 111861. 5 113367.0 -1505.5 
106779. 0 1400. 0 105712.5 1D6568 . 0 - 855.5 
131299.0 1550.0 130HB.0 129093.0 1075.0 
99663. 0 850.0 98813.0 98931. -5 - 118. 5 
6£2507_0 8980.0 673527.~ 665750.5 7776.5 
U'I 
o 
Table 18. Growing period outflow, north Cprinne, Bear River Delta, 
1951-1957. 
Ii 
IS: Total stream inflow 
Total spring inflow 
IRM: Runoff from the mountains 
I: Total inflow 
WW: Net evaporation from w~te1Tsurf9-ce 
W T; Net water use in town areq. 
W ( Net water use in irrigated land 
W N: Net evapQtran~piration by non-
I;l.gricultural land 
W Total net water ul3e of the area 
ON: Total outflow of north Corinne area 
OC: B~ar River near Cqrinne 
00: Possible outflow from other creeks 
and streams 
; ) t ' ! ; 
Acre ~feet 
660, 000 i 
29,000 
25,500 
i ' 1 Ii 
Tl14,500 
14,000 
200 
154,000 
21,000 
) i 
189,200 
525,300 
475,000 
5(,)~300 
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' i 
that 00 is about lO percent of ON' Eighty p~l'cent of this difference 
can b e accounted for ' as surface now aClTOSS the boundary in the 
Central ani Eastside canals, others leaving only 2 peucent of the 
possible outflow, D N , unacc~>untecl for, 
If all the error were a~sumed to be in the estimate of evapo-
transpiration this would suggest a maximum error in that ~ stimate 
would be about 8 percent. 
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This evaluC}tion also leads to the condusion that ther e is a small 
amount of subsurface water ~rpssing the coundary even though the 
PQundary was not defined from any logical hydl'ologic considerations. 
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FREQUENCY CON~IDERA TrONS 
, 
To estimate how a water budget for anyone year may vary from 
the average budgets presented in the preceding sectiQn~, the frequency 
of occurl1ence of the yearly values pf each item in the hydrologic equation 
were analyzed. All records for each item thp.t exhibited variatiop were 
ranked in descending order and median values were ali signed a prob-
ability of 50%. This was also done on a monthly basis. The results 
are shown in Appendix G. 
The frequency distributions of monthly streamflow. precipitation, 
and evapotranspil'ation as derived from variations in temperatur~ are 
shown in Figures 12, q, and 14. No attempt was ntade to analyze sub,. 
surface and unmeasured tributary inflow as they are supje~t to lesfi\ 
variation and are relatively small, 11he range qf eyapotransFi~atiop 
as shown in Figure 14 is very small. 
The frequency of occurrence of annual streamflows is shown in 
Figure 15. The frequency distributions of various items of inflow fl.1'ld 
outflow are summarized in Figure 16. The large variati~n in outflow: 
from the area into Great Salt Lake is Frimarily the result of the large 
variations in strea~flow. 
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SUMMARY AND COl'fCLUSIONS 
The reliability and accuracy of a water budget depends on the 
reliability and accurC;tcy of the basic data for each component of the 
hydrologic equation, due consideratipn being given to the relativ~ 
magnitudes 0'£ the various items. In the Bear River Delta, the lq.rgest 
single item on the budget is the stream inflow which has a probable 
error of ± 5 percent. In terms of volume per year thi& would amount 
to nearly 59, 000 acre-feet o:p the average. Precipitation estimates are 
believed to have a probable errpr of ~ 10 percent which amounts tp about 
30,000 acre-feet (valley area only). The evapotranspiratiQn estimates 
I 
are believed to be within ~ 8 percent which amounts to . 58, 000 acre-feet. 
If all of these errors are additive (the worst case), the total error in 
estimated outflow to the Great Salt Lake would be 147, 000 acre -feet PI' 
about 15 percent. 
From the water budget determined fol' the different hydologic 
entities, the mean annual outflow frprp. the study area to the Great ~alt 
Lake was found to be: 
1. 938, 000 acre-feet - - by entille area approa~h. 
2. 956, 000 acre-feet by valley area approach. 
3. 966, 000 acre-feet by monthly basis approach. 
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The deviations between these values are smaller than 3 percent. 
Thus a value of 950, 000 acre-feet per year as a mean value for the now 
from the Bear River drainage into the Great Salt Lake appears to b~ a 
very reasonable figure. Even with an erro r of 15 percent, the m~~n annual 
annual outflow from the Bear River into the Great Salt Lake would he 
between 86.3, 000 and 1, 097,000 acre fe~t. 
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Appendix f: 
i 
E stimfttion of Climatological Dq,ta 
ii'
Very high correlations exist between mean mO}lthly temp~rature 
and relative humidity, and between the tem.perature difference and the 
percentage of possible sunsq.ine. In the ptudy area, the data of relative 
humidity and the percentage sunshine are not available. However, they 
are available at the Salt Lake City Airport. Therefore, Salt Lake PHy 
data was used to develop Figures 17 and 18 which relate the relative 
humidity to lnean temperature and the pel'centage of possible sun shipe 
tp the mean temperature difference respective~y. T4is curve was tp.en 
used to estimate the relative humidity and percent sunshine for the study 
area. 
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Appendix B 
Estimation and Adjustment of Streamflow Data 
j 
Correlation method to estimate streamflow 
in Malad 'River near Plymouth, Utah, from 
tqe data of Malad River near Wo'odruff, Idaho 
There was no measurement from Malad River at the boundary of 
the study area before March, 1964. Therefore, the mean inflow from. 
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this point WCl-S estimated by correlations with the long terrT) measurements 
made on the Malad River near Woodruff, Idaho. A good correlation exists 
between the se two gaging stations. There is little tributary inflow betw~en 
the two stations, but a small spring contributes some water between 
Woodruff and Plymouth. A scatter diagram of corresponding data was 
plotted to e stab li sh the relationship between the two stations. Thi sis 
shown in Figure 19. The equation relating streamflow in ds at Plymouth, 
y 1 to the flow at Woodruff, Xl' is: 
Y = 16.41 + 1.017 X 
where 
X = daily discharge in Woodruff, in cubic-feet per secon9.. 
Y = daily discharge in Plymouth, in cubic-feet per second. 
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Isorunoff map for the study area 
This is shown as Figure 20 and was used to estimate the unmeasured 
tributarie s in the area. 
1 
Bear Rive 
City 
n~ 
Corinneo 
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-"--- 1,6 
Figure 20 . Mean annual runoff, Bear River Delta, . Utah 
Appendix C 
Land Use Clas sification in B~ar River Delta 
Du r ing the summer of 1963 and 1964, a, land das sification survey 
was made by using U. S. Geological Survey maps and aerial photos as 
bases wi th a ce tate overlays. The map and aerial photos which were used 
in the stu dy ar e listed in Appendix H. The field boundaries, s e ctions and 
townships were drawn on the overlays befOlre going into the field. 
ylas~ifi c ation could usually be made directly from a car and recorded 
on t!te o v erlay. It was sometimes necessary to walk into the interior 
of fidds to determine the identity of growing plants. Tracings were 
.made of the field sheets. Acreage was calculated by dot counting, and 
adjusted to account for scale variation and aprrallax in the photos. 
The land within the boundaJ,"ies of the study area was mapped and 
classifi e d according to crop, irrigated land, native vegetation, bare soil, 
municipa l area and wat er surface. The acreage of individual land type s 
was arr a nged and tabulated by sections. 
Most irrigated land in the area is planted tq activ~ crop~, The 
al'ea is an important agricultural section in the state. N,early one half 
of the valley is devoted to agriculture, of which the major portion is used 
for alfalfa and grazing, 61,450 acre s of land are irrigated by the Bear 
Ri ver canal syste.m, and about 22, 090 acre s are irrigated by creeks, 
springs a nd ditches which were built by private irrigation companies. 
Non-agr i cultural land was also inventoried during the field survey. All 
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the data are compiled and tabulated and have been placed on file for 
future r e ference. Table 19, 20, 21, and 22 show the areas of the river-
side .mar $he s and water surface. 
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The widths of mo st of the imp<?rtant river 6/ canals, and cr,eeks 
were de t ermined fro.m scale me asu,rements on the aerial photos and maps. 
The total area of water surface in each strea.m was computed fron) the 
proquct of the total length and the average w~dth of the stream. All of the 
areap are summarized in Table 23. 
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Tab l e 19. Water Surface and adja<;:entmar sh art':as of the Bear River 
from Cutler Dam to Cor.inne Gaging Station 
Water Riverside 
T. R. Sec. surface marsh Total (acres) (a<;:res) (acres) 
, 
13N 2W 27, 33 63.90 r 63.90 
12N 2W 4 31. 90 31. 90 
5 6.50 18.75 25. 25 
8 18.75 15.00 33.75 
7 7.00 7.00 
18 14.75 17.75 32.50 
19 31. 00 24. 00 55.00 
~O 15.50 15.50 
12N 3W 25 13.50 13.50 
35 36.00 8.00 44.00 
12N l W 31 20. 00 22.75 42.75 
lIN 2W 6 42.00 35.50 77.50 
7, 8 39. 25 118.50 157.75 
IS 41. 50 6.25 47.75 
17 12·00 6.50 lS.50 
20 24. 25 0.75 25.00 
19 72.00 27.00 99.00 
lIN 3W 24 12.00 7.00 19.00 
lIN 2W 30 25.00 15,75 40.75 
31 2S.75 25. 25 54. 00 
lIN 3W 36 IS. 00 lS.00 
ION 2.W 6 34. 00 19·50 53.50 
ION 3W 1 p.25 7.50 20.75 
ION 2W 7 33.75 30. 00 63.7~ 
ION 3W 12 7.50 4.50 12.00 
ION 2W 18 ?6.75 11. 50 ~S.25 
19 51. 75 0.50 52.25 
20 21. 00 16.75 37.75 
ION 2W 30 7.~0 O. 50 S.OO 
Total 769.05 439.50 129S.55 
-,-- \i 
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Table 1..0. Water surface and adjacent ITlarsh are~s of the Bear Riv!,!r 
froITl Corinne Gaging Station to Bear River Migratory 
Bird Refuge (west side) 
Water Ri ver side 
surface ITlar ~h Total 
T. R. Sec. (acre s) (acres) (acre s) 
lON 2W 29 20.00 9.25 29. 25 
30 23.75 2. 25 26.00 
31 32. 25 32. p5 
32 17.00 6.50 23.50 
9N 2W 5 30.75 17.50 48.25 
6 42.50 1. 50 44.00 
7, 8 29·75 29.75 
18, 19 43.50 43.50 
9N 3W 12, 14 40.75 1. 75 42.50 
24 29.00 29.00 
23 15.00 1. 00 16.00 
26, 27 49. 25 49. 25 
34 44.75 44.75 
33 30. 50 30.50 
8N 3W ~2} 26.50 26.50 
31 29. 25 29. 25 
30 14.75 14.75 
9N4W 25, 36 22. 25 22. 25 
35, 26 48.00 48.00 
27 14. 00 14.00 
28 10.75 15.00 25.75 
34 75. 00 75.00 
33, 32 32.50 32.50 
, 
Total 721. 75 54.75 776.5Q 
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Table 21. Water surface and adjacent marsh areas of the Malad 
Ri ver from T 12N R 3W sec. 12 to Beal;' Ri ve:v 
T ION R 2W sec. 19 
Water R,i ver - side 
surface mar$h Total 
T .. R. sec. (?cres) (acre s): (acre s) 
13N 3W 23, 26 
and 36 17.00 15.25 32. 25 
12N 3W 12 8.00 7,25 15.25 
13 1. 00 1. 00 
24 9.50 2. 25 11. 75 
25 9. 00 3. Z5 12.25 
26 0.75 1. 55 2. 30 
35 9.00 9.00 
lIN 3W 2 10.50 7.00 17.50 
10, 11 7.00 7.00 
15 3. 25 3. 25 
14 5.25 5.25 
23 9.25 9.25 
26 10.00 2.00 12.00 
27 2. 25 2.25 
34 20.75 9.25 30 · 00 
ION 3W 3 12.50 9.00 21. 50 
10 5.50 5.50 
11 6. 50 13. 00 19.50 
14 9.00 9.00 
13, 24 4.00 0.50 4.50 
ION 2W 19, 20 4.50 q.50 11. 00 
Total 164.50 76.80 241. 30 
--- -- ----- --- - ------------
Table 22. Water surface and adjacent marsh area,.s of the ~ulphur 
Creek and Reader Overflow Marsh 
Water River - side 
surface marsh 
T. R. Sec. (acreE/) (acres) Total 
(a) Sulpher Creek 
lIN 3W · 26 2. 25 2. 25 
27 3.75 3.75 
34 3.50 3. 50 
33 6.50 6.50 
ION 3W 4 2.75 2.75 
5 3.75 3.75 
9 5.50 6~.50 69.50 
16 5.75 25.00 30.75 
17 2.50 2.50 
20 6.00 6.00 
29 1. 25 8.25 9·50 
30 7.50 1. 50 9.00 
31 10.00 10.00 
9N 3W 6 8.25 5. 50 13.75 
18, 7 7.50 10.25 17.75 
Total 76.75 114·00 190.75 
(b) Reeder Over -flow 
9N 2W 18 25. 00 25. 00 
19 14. 25- 8.75 23.00 
30 13. 25 13.25 
31 21. 25 21. 25 
8N 2W 6 16.75 33. 00 49.75 
7 13.00 26.00 39.00 
Total 103. 50 67.75 171. 25 
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Table 23. Water surface area of streams, canals, and ditches- Bear River Delta, Utah 
Name Area Garland COlfinne Brigham City Total 
Bear River Canals acres acres acres acres 
West s ide 170 170 
Center 29 7 36 
Corinn e 33 50 83 
Hamond 32 39 71 
East branch 15 27 42 
Other canals and creeks 
Salt C reek near Honeyville 12 12 
Box Elder Creek 16 It> 
(:in Delta area) 
Lee's Spring 3 3 
Perry Canai 5 5 
Og-d-en Brigham Canal _5 5 
(in Bear River Delta area) 
Total 279 123 41 443 
-.J 
-.0 
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Appendix D 
Estimation of Consumpt~ve Use Coefficients 
According to the Blaney-Criddle form.ula, the ratio of the average 
rnonthly evapotranspiration over the "p. til index (see Table 24) for the 
same month is the consumptive us e coefficient, k . In this investigation 
to det e rmining "k" and e stimate e v apotranspiration, the following 
assumptions were used: 
1. Annual crops start consuming irrigation water at the beginning 
of the frost-free period. The growing periods for alfalfa, grass hay, 
pasture, deciduous orchards, and native vegetation were considered 
to be the same as the frost-free periods. 
2. Sufficient water is applied at the proper time to maintain good 
growing conditions. 
3 . The fertili t y and producing power of the soils are similar. 
4 . Precipitation during the growing season is considered to be 
consum.ptively used by the crops and decreases the irrigation require-
ments by the total amount of the precipitation. (In some al,'eas this may 
not hold true due to storm types.) Generally speaking, storms are 
accompanied by cloudiness which decreasE:s plant transpiration to com-
pensate for evaporation from the soil and plant surfaces after a rain-
storm. A detailed knowledge of local conditions makes it pos sible to 
more accurately estimate the effective amount of surnmer pr e cipitation . 
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a 
Table 24. Mean monthly consumptive use factor , f, Bear River 
Delta, Utah 
Climatological Ar ea 
Brigham Bear River 
Period Gar land Corinne City Refuge Average 
non- . gl,"Owlng 
Oct. 2 ,6 3 2.40 1. 26 
Nov. 2.46 2.48 2 . 59 2.34 2 . 47 
Dec. 1. 77 1. 78 1. 92 1. 95 1. 85 
Jan. 1. 53 1. 61 1. 72 1. 64 1. 63 
Feb. 1. 95 2.00 2. 12 2.01 2.02 
March 3. 06 3. 18 3. 28 3. 23 3. 19 
April 3. 67 3.90 1. 63 1. 06 2. 57 
subtota l 17. 07 17. 35 13.26 12 . 23 14 . 98 
groy;ing 
April O. 56 0.43 2.81 3.49 1. 82 
May 5.70 5.72 5.92 6. 07 5 . 85 
June 6.60 6.69 6.86 6 . 87 6.76 
July 7.64 7.71 7.89 7.85 7 .7'1 
August 6.88 6. 96 7.08 7.08 7.00 
Sept. 5. 20 5.25 5.36 5.42 5. 31 
Oct. 1. 2 5 1. 52 4. 06 4. 10 2.73 
Nov. O. l6 O. 04 
subtotal 33.83 34. 28 39.98 41.04 37.28 
--- --~ 
Annual 50.90 51. 63 53.24 53 . 27 52 . 26, 
a 
Calcu 1ated from Blaney-Criddle formula f = P x t/ 1 00 
t = mean monthly temperature in F O 
p = monthly percentage of day tirne hour s 
In the study area, k for various soils were determined as follows: 
Important irrigated crops 
The mont hly consumptive use coefficients, k, for the more 
important irrigated crops in Utah under normal conditions wer e de-
termined by t h e Utah State Engineer's office. Ignoring soil factors, 
the k value s of crops for the study area are shown in Table 25 . 
Water surfaces 
Estimate s of e vaporation from water surfaces w e r e discussed 
ln a previous section. For convenience , the k for wate r surfaces 
82 
were also determined in the study area (see Table 26). Monthly con-
sumptive use factors are compiled in Table 24. The amount of evapora-
tion in April and October were adjusted by using the killing frost data. 
Bare soils 
There are a total of 57, 672 acres of bare soils, mud or salt flats, 
in the study a rea. Con s umpt ive use studies on bare soil are extuemely 
limited. The Howard Sloug h Refuge, a non-agricultural area neal' Ogden, 
was studi e d by J . E . Christiansen. According to his soil survey, 
most of the bar e soil is Salt Lake loam. Salt Lake loam also o~cupies 
the non-flooded area o f Howard Slough Refuge. In addition, the climato-
logical conditio ns of the study area and Howard Slough Refuge area are 
very ~ imilar. Therefore the k for bare soils in the ::;tudy area was 
eqtimat.ed by the evapotranspiration data of the Howard Slough Refuge . 
Table 27 shows the pr o c e dur e for ba re soil. The estirnate d k for this 
Ta-ble25. Gxowing season monthly consumptive use coefficients, a k, for some important crops, 
Bear River Delta, Utah 
-
- . -. -
Growing 
Crops Apr , May June July A ug. Sept, Oct. Season 
Alfalfa 0,, 58 0 , 84 0,99 L 02 _ 0.94 0 . 65 ·0 .50 O ~ 79 
Barley O~ 40 0,65 1. 00 1. 04 0 . 97 0.40 0.74 
Pasture 0, 5 4 0" 78 0,93 O~ 95 O. 89 O. 70 0.49 O. 74 
Wheat 0.40 0.62 0.94 0.96 OM 72 0.50 0 , 69 
Sugar Beets 0.40 0.49 0, 73 0.90 0.88 0.71 0.46 0.65 
Orchards 0.48 0.64 O. 74 0,75 0.70 0.59 0.56 0.64 
Others b 0,40 0.62 0,80 0,84 O. 75 0.45 0 . 35 0.60 
a Fr-om Technical Publication No.8, Utah State Engineer's Office 
b These are average k and may be used for such crops as corn, potatoes t tomatoes, beans, peas, etc. 
00 
I.J-) 
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Table 26. Monthly consumptive use a coefficient, k, for free 
water surface s, Bear River Delta, Utah 
Climatological Area 
Brigham Bear River 
Month Garland Corinne City Refuge Average 
Jan. O. 35 0.41 0.52 0.43 0.43 
Feb. O. 51 0.55 0.54 0 . 54 0.54 
March ·0.59 0.64 0.57 0 . 61 0 . 60 
April 1. 08 1. 12 1. 08 1. 09 1. 09 
May 1. 39 1. 40 1. 37 1. 36 1. 38 
Jun~ 1. 56 1. 59 1. 54 1. 52 1. 55 
July 1. 71 1. 74 1. 68 L 75 1. 72 
Aug. 1. 68 1. 68 1. 66 1. 67 1. 68 
Sept. 1. 39 1. 40 1. 37 1. 39 1. 39 
Oct. 0.92 0.95 0.94 0.93 0.94 
Nov. 0.42 0.42 0.45 O. 59 0.46 
Dec. 0.31 O. 34 0.32 O. 32 O. 32 
Annual 0.99 1. 02 1. 00 1. 01 1. 00 
a Evap By Blaney-Criddle formula, K= f 
Table 27, Monthly cons umptive use coefficient, k, for salt flats, Howard Slough Refuge, Utah a 
a 
b 
c 
Item 
Month Apr . May. 
t of I 51. 8 5,7. 8 
I 
P I 8. 94 10. 05 
fb I i 4 . 62 5.80 
I 
area 181. 0 63.0 
E 2.96 2.00 
t 
E I E 
t vap 
0. 50 0.27 
k C 0.64 O. 35 
Table afte r Christiansen (19 64 ). 
Blaney-C riddle fo rmula f:::: ptl 100 
k :::: E / f 
t 
June 
' 6.7.7 
10. 15 
6. 88 
126.0 
2.63 
0.30 
0.38 
July Aug. Sept. 
75.8 70.9 66.3 
10.36 9.61 8. 4 2 
7.85 6.80 5.5 8 
152.0 155.0 139.0 
1. .80 0.95 0 . . 43 
O. 19 0.11 0,08 
0.23 O. 14 0.08 
Oct. Nov. 
, . 53 ,7 40.9 
7.75 6. 67 
4.1 6 2.7 2 
139.0 149.0 
0.87 0.2 6 
0.2 2 0.21 
0,21 0.10 
gro wing 
season 
11. 90 
0, 23 
0, 27 
00 
\Jl 
study area compares closely with the general k for bare soil in most 
of the United States. 
Native veget ation 
86 
Most coefficients, k, for native vegetation were determined from 
measurements of consumptive use by plants grown in tanks , by field soil 
moistu re studi e s, or by inflow- outflow HleaSUren'lent areas . In northern 
Utah, the later two m e thods, soil moisture field studies and inflow - outflow 
measurements, were carried on by J. E. Christiansen neall the Great 
Salt Lake. Most of the native vegetation in the study area is marshy 
plants , salt-grass, and dry vegetation such as dry grass, greasewood, 
etc. However, the data for an area covered by a combination of native 
plants studied by Christiansen was used for individual estimates. 
Mars hy plants 
The water grasses, cattails , bullrushes, etc., which grow in 
swamp s or b e side watercourses are defined as marshy plants. 
Past data on evapotransFiration of m ar shy plants show the range of 
evapotranspiration for marshy plants to be very small. The an'lounts 
of evap otranspiration by all rnarshy plants are almost the same for all 
areas with similar climates. The monthly k values suggested by 
Muckel and Blaney (1955) were used in this study. 
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Salt-~~ 
Salt·· gra8 s evapotran~ pires differently in different areas. It1 s 
transpirati on i s also affected hy depth to water . In the study a rea, 
salt-g r asses were divined into two grollp::,; one in w hich it grows ove r 
water tabl es s h allowt:r t han three feet , the other in whlch it grows over 
wate.r t a bles deeper than 1hree fee t. Classtficallon of [h f' 1'.'.'0 kinds of 
salt-grass e s was ITlade by field SllrVey . V erification dt::pendod on the 
color <)f t h.; ~d.lt-gra;:,~ d n d the dppth 01 the water table. The coefficient, 
k, for s hallow water table salt ·· gras s 1 was determi11ed horn thc; data 
froITl the Howard Slough R efuge (s ee Table 28). The unit value for 
evapotranspiration by salt-grass was found by the inverse integration 
ITlethod. Sinc e the plant c over types in Howard S lough Refuge were 
the ITlars hy plants, salt-grass and bare soil, see Table 29, the total 
ITlonthly evapotranspiration was known. 
The mean monthly Ie values [or deep water tabl e salt- gras s 2 
was determined by cor r elation between saIt .- grass 1 and 2 data coll c>cted 
at the saITle time ann place r eported b y Blane y and his as soc i a t es 
(s ee Figure 21). 
Dry v e geta tion (v(!ry dry grasse~_ 
and greasewoo.~, etc.. 
It is very diffIcult Lo df'tern'line Lhe exac t aynount of wat er used 
by dry vegetation . E,va.pot rans piration by s Hc h plants var ie s w ith tin'll! 
and place. ConSun'lp1ivt' use s t udll''; ll1i:t.cie in seve r a l p c:l.r Ls of th e western 
United State s , 8how ..... d that evap ot l' a n spi raticltl by dry v-:: gc1.dtion w a};; 
Table 8. Monthly consumptive use coefficient, k, i-or saltgrass 1. a Howard Slough. Refuge, Utahb 
. 
April :\1ay June July Aug. Sept. Oct. 
--
t 51. 8 57 . 8 67.7 75.8 70.9 66. 3 53.7 
\rea. p 8.94 10.05 10 . 15 10.36 9.61 8. 42 7.75 
!acres ~-- f 4.62 5 . 80 6.88 7.85 6 .80 5. 58 4.16 
E Evap 0 . 80 0.72 0.78 0,82 0.93 0.78 0.88 
Et .(inches) . 3.87 5 . 44 8.26 8.49 7.45 4.74 3.43 
685 0 c E t , (ac -in. ) 2649.0 3724,5 5654.0 5811. 5 5099.5 3244. 5 Total 2348.0 
t 
_._--
Evap (inche s 4.83 7. 53 8.87 10.86 9. 07 6. 04 3.92 
333 0 Water Evap ' (ac -in. 1608.0 2504.0 2954.0 3616.0 3020.0 2011. 0 1305.0 
--- k Ci 1. 15 1. 30 1. 35 1. 40 1. 35 1. 30 1. 20 
Marshy E .. (in . ) 5.32 7.55 9.30 11. 00 9.17 7.25 5.00 
38.0 p lants E ttn ,( . ) 203.0 287.0 364.0 418.0 349.0 276.0 190.0 .trn aC~ln. 
r---
--
~.-~~ .. -~ 
Bare soil k e 0. 64 O. 35 O. 38 O. 23 0.14 0 , 08 O. 21 
grasswo:r1 E (inche s) 2 . 96 2.0 0 2 . 63 1. 80 0.95 0 . 43 0.87 
-
E
ts ~ac-in. ) 113, 5 & road 336 .0 227 .0 299.0 204.5 107. 0 4 9. 0 99.0 
ts 
I~ 'lac-in)' 503. 0 706. 5 2 037 .0 1512. 5 16 23.5 908 , 5 754.0 
Salt - E tg (inche s) 2 . 51 3 . 53 10 . 10 • 7. 54 8.10 4.53 3.76 
200.5 grass 1 k tg 0.55 0 . 61 1. 47 0.96 1. 19 1 
0, 81 0.90 
'----~ __ _ ~_ ~_~ __ ~ .1 _ _ 
-
~ 
- ---
__ I 
- --- -- --
a 
Depth to water t able le ss than 3 feet e k for nonflooded area 
b Tab Ie after Chri stian sen (1964) 
c 19 61- 1963 mean 
f 
E '= E I - Evap I - E ' E ' tg t tm ts 
d 
Muckel and Blaney (1964) suggested value s 
Nov. 
40. 9 
-
6.67 
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0.77 
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~46 
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0.85 
2. 31 
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O. 26 
29.5 
169.5 
0.85 
O. 31 
- - ------- - --
se a son 
- -
- -
- -
0. 81 
42.80 
29297.5 
~~ 52.57 
- --
1. 24 
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- -
~~-=.~ 
0.27 
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------ -- -- --
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a k values sugg e sted b y M uckel and B lan ey (1955) 
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Table 29. Howard Slough Refuge land use a survey 
b Salt- Bare soil W a t er Marshy 
T.R. surfac e plants c & Road Total g rass gras swort 
5N3W- 26 0.5 18.5 14 .0 1.5 34 . 5 
34 46.0 30.5 8.0 3.5 88.0 
35 150.5 3 8. 0 59 .0 37.0 5.5 290. 0 
36 4 7.0 41. 5 19.0 1.5 109.0 
4N3 W- 1 8.0 42.0 22. 0 0 . 5 72 . 5 
2 81. 0 9. 0 1.0 91. 0 
Total 333.0 38 .0 200.5 100.0 13. 5 685.0 
Per cent 4 8 .7 5.5 29. 3 14.6 1.9 100.0 
a 
Field survey made on 1 : 10000 scale aerial photographs; areas 
d etermined by dot acreage computer; table after Christians e n , 
flooded and nonflooded area survey. 
b 
M arshy plants included c ommon cattail , b ullrushes and tules . 
c Saltgras s with average depth t o water table o n e foot. 
90 
91 
lower than for other vegetation and depended on the soil m.oisture content 
and precipitation of the area in which the plants were growing. Most 
dry p l ants grow in highly perm.eable sandy loam.. In other words, the 
perc olat ion rat e IS high and the water table does not cont ribute m.oisture 
to the p lant roo ts. Ne glec t i n g the contribution from. groundwater and the 
change of soil m.oisture , a sim.p l e r e lation states that, 
where 
EtD is the total evapotranspiration from. the dry vegetation area. 
EpD is the m.ean annual precipitation over the area . It was 
determ.ined from. isohyetal m.ap of the study area and was found to be 
13.7 9 inches annually. 
ERD is the unm.easured runoff over the land on which the dry 
vegetat ion grows. It was determ.ined from. the isorunoff m.ap for the 
study area, and was found to be .41 inches per year. 
Then, E tD i s t he difference between IpD and IRD and equals 
13 .38 inches. 
where 
EtD l i s de f ine d a s t he evapotrans pi r a tion dur i ng the growing 
period over the dry vegetation area. 
EtD2 is defined as the e vapotranspiration during the frost period. 
It was found t o be 1. 8 8 inches bas e d o n eva poration from. snow surface 
data assum.ing that s now cov e rs the enti re soil surface during the frost 
period. 
Ther e for e, EtDl is the difference between EtD and E tD2 , and 
equals 11. 4 inc h es. 
Assuming the monthly evapotranspiration by the dry vegetation 
to be proportional to potential evapotranspiration, the monthly values 
of evapotranspiration by dry vegetation are found in Table 30 and 
Figur e 2 2, in which the p ossible soi l surplus or deficiency of soil 
moi sture wa's det e rmined under the basic hydrologic assumption. The 
coefficient , k, i s also shown in Table 31. T able 31 ", unlmanzes the 
coefficients for various i t e ms of soil cover in non-agr i cultural a reas . 
.. 
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Table 30 . Monthly consumptive use coefficient, k, for dry vegetation 
and gras s es in Bear River Delta, Utah 
First Adjusted 
estimated Adjusted EtDb a k C month EtD(inches) s or d s or d (inches) 
April 0.35 +5.36 +5.36 0.35 0.19 
May 1. 49 +5 . 16 +5.16 1. 4 9 0 . 2 5 
June 2.03 +4.21 +4.21 2 . 03 0.30 
July 2.72 +1. 95 +1. 95 2.72 0.35 
August 2.37 +0.18 0 2.55 0.36 
September 1. 49 - O. 31 0 1. 00 O. 1 9 
Octcber 0.56 0 0 0.87 0.32 
Season 11. 01 11. 01 0.28 
a 
s (+) Soil surplus of moisture. 
d( -) Soil deficiency of moisture. 
b EtD = e v apotranspiration by dry vegetation. 
c k = EtD / f by Blaney- Criddle formula. 
Table 31. Monthly consumptive use coefficient, k, for miscellaneous items during the growing 
season, Bear River Delta, Utah 
Land clas sification Apr. May June July Aug. Sept. Oct. ~rowing eason 
Marshy plants a 1. 15 1. 30 1. 35 1. 40 1. 35 1. 30 1. 20 1. 30 
Saltgrass b 0.55 O. 61 1. 47 0.96 1. 19 O. 81 0.90 0.92 
Saltgrass c 0.56 0.55 0.33 0.33 0.33 O. 33 0.33 0.39 
Dry grass and dry vegetation d O. 36 0.28 0.19 0.25 0.30 0.35 o. 19 0.32 
Salt flat and mud flat e 0.64 O. 35 0.38 0.23 0.14 0.08 0.21 0.29 
Town, road, and farmstead f 0.43 0.47 0.33 0.22 0.26 0.41 0.53 0.38 
a 
Marshy plants include common cattails, bullrushes and tules: k values as suggested by 
Muckel and Blaney (1955) 
b 
c 
d 
e 
Depth to water table less than 3 ft. estimated from Christiansen's data of evapotranspiration 
in Howard Slough Refuge. 
Depth to water table greater than 3 ft. k, determined from Figure 
k for dry vegetation and grasses estimated from Table 
Estimated from non-flood and area data in Howard Slough Refuge, see Table 
f Estimated 18 inches for town use, 6 inches evaporation after precipitation, see Table 
'" \.1l 
Appendix E 
Estimation of Evapotranspiration 
Pan and free water surface 
evaporation 
Evaporation from a standard U. S. Weather Bureau pan has been 
mea sured at the headquarter of the Bear River Refuge since 1937. In 
general, data for a single point .measurement cannot be applied directly 
for a large water surface. Therefore, a coefficient of 0.80 was used to 
adjust estimated pan evaporation to free water surface evapo:vation. 
Pan evaporation was e sti.mated by average method of Christiansen-
Mathison,_ Hargreaves, and Blaney-Criddle formulas. 
Hargreaves equation: 
E = M (T - 32) 
E = the monthly evaporation in inche s 
T = the average mean .monthly temperature, In degree 
M = c x d, is an e .mpirical coefficient where 
c = 0.38 - 0.0038 h (relative hUITlidity) 
d is the day tiITle hours coefficient 
Chri stiansen-Mathi son: 
E = C C C C A C C c t w ut s e 
where 
E = evaporation in inches 
96 
C :: C ,C (L-D) C ,is a combination coefficient 
c r cos m 
where 
C is coefficient of radiation 
r 
, C , (L-D) is latitude-diclination coefficient 
cos 
Cis monthly coefficient 
m 
C t = the coefficient for te,mperature 
C :: the coefficient for wind 
w 
91 
C 6t :: the coefficient of differences in ,maxi,mum and minimum 
monthly temperature, used to deter ,mine the reliability 
of a humidity coefficient 
C = the coefficient for sunshine percentage 
s 
C :: the coefficient for elevation. 
e 
Blaney-Criddle formula: 
E
t 
=kf=kpt/100 
where 
f :: the monthly consumptive factor 
E = unit evapotranspiration, in inches 
t 
k = consumptive use coefficient, determined by experiment 
t - monthly ,mean te ,mperature in degree of Fahrenheit 
p = monthly percentage of day time hours. 
Tab le 32 show s the re sults of estimated pan evaporation by above 
equations. The average valued for the study area are shown on Table 33. 
Table 34 is the estimated water surface evaporation of Bear Rivyr Delta. 
Table 32. Calculated pan water surface evaporation, Bear River Delta, Utah 
Christiansen-Mathison Hargreaves Blaney-Criddle 
Equation E=CCCCC C 
c t t s w e 
E = m (t-32J E = k£. f = P x til00 
Areaa 1 2 3 4 1 2 3 4 ' I 2 3 4 
----- --- -
Jan. 0.54 0.62 0.63 0.61 
Feb. 0.99 1. 01 1. 14 1. 09 
Mar. 2.72 3.04 2'. ,50 2.83 O. 87 1. 04 1. 23 1. 14 
Apr . 5.74 6.30 5.64 5.82 3.25 3.49 3.76 4.02 4.71 4. 82 4.95 5.07 
May 9.47 9. 79 ~.22 9.08 6.92 6.98 7.54 7.94 7.31 7.33 7.59 7.78 
June 11. 73 12.51 11. 48 10.98 10.41 10.68 11. 19 11. 22 8.67 8.79 9.01 9.03 
July 13.64 14.36 12.96 14.66 14. 76 14.99 15.60 15,, 46 10. 86 10. 96 11. 22 11. 16 
Aug. 12.20 12.38 11. 75 12. 03 12.61 12.88 13. 28 13.28 9.87 9.99 10. 16 10. 16 
Sept. 7,97 8.30 7.66 7.94 7.44 7.59 7.,93 8.07 6.29 6.35 6.49 7.65 
Oct. 3.92 4.30 3'.93 3.89 3.48 3.58 3.93 4.04 3.29 3.33 3.45 3.48 
Nov. 1. 43 L 53 1. 43 1. 26 0.63 0.67 O. 89 0.71 
Dec. 0.55 O. 61 0.61 0.63 
Annual 70.40 74. 75 69.07 70.82 
--- - ---- ----- -- - ------- - ~ -~- ~ - ~--- -~--~ 
_" ... a.~ 
. 1. Garland 
2. Corinne 
3. Brigham City 
4. Bear River Refuge 
-.0 
00 
Table 33. Mean monthly pan evaporation a, Bear River Delta, Utah 
------1 ---
Climatological areas 
Brigha= Bear Riverl Area 
Month l~arland Corinne City Refuge Average 
- ----- --- --.- - -, - -----...---- .......... _- ---
inches inches inches inches inches 
Jan. 0.54 0.67 o. 89 0.71 O. 7025 
Feb. 0.991 1. 106 1. 137 1. 089 1. 080 
Mar. 1. 794 2.038 1. 864 1. 984 1.920 
Apr. 4.568 4.871 4. 782 4.970 4. 797 
May 7. 898 8.033 8.117 8.267 8.079 
June 10,276 10.660 10. 560 10.409 10.476 
July 13.089 13.436 13. 260 13.761 13. 387 
Aug. 11. 560 11. 749 11. 729 11. 826 11.719 
Sept. 7.234 7.363 7.358 7.523 7.369 
Oct. 3,565 3.737 3.768 3.803 3.718 
Nov. 1. 032 1.049 1. 160 1. 488 1.. 182 
Dec. 0.549 0.614 0.615 0.627 0.601 
Annual 63.186 65.278 64.98 66.362 64.952 
Pan measure-
ment in Bearb 
River Refuge 
inches 
5.07 
7.78 
9.032 
11. 16 
10. 16 
7.65 
3.48 
a Average values estimated from Christiansen-Mathison, Blaney-Criddle, and Hargreaves 
b 
Evaporation from April to October in Bear River Refuge is from U. S. Weather Bureau 
Data. 
...0 
...0 
100 
Table 34. a Mean monthly water surface evaporation, Bear River 
Delta, Utah 
Brigham Bear River Entire 
Month Garland Corinne City Refuge Valley 
inches inches inches inches inches 
Jan. 0.43 0.54 O. 71 0.57 0.56 
Feb. 0.79 o 88 0 . 91 0.87 0.86 
Mar. 1. 43 1. 63 1. 49 1. 59 . 154 
Apr . 3.67 3.89 3.82 3.98 3.84 
May 6. 31 6.43 6.49 6.61 6.46 
June 8. 22 8.53 8.45 8. 3~ 8.38 
July 10.47 10.75 10. 51 11. 08 10.70 
Aug. 9.25 9.40 9.38 9.46 9.37 
Sept. 5.78 5.89 5.89 6.01 5.89 
Oct. 2.85 2.99 3. 01 3.04 2.97 
Nov. 0, 82 O. 84 0.93 1. 19 0.95 
Dec. 0.44 0.49 0.49 O. 51 0.48 
Annual 50.46 52.26 52.18 53.24 52.00 
a 
Adjusted pan estimation by coefficient k = O. 80 for the study area 
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In an arid area like Utah, especially in this valley, 50 inches of fr~e 
water surface e vaporation are therninim.urn figure. 
Unit evapotr a nspir a t i on for various soil 
The unit e v a p o tr a nspir a tion dete rrnined for various types of 
vegetation and soil in the valley was based on the Blaney-Criddle forUfula. 
The unit a nnual evapotranspiration value s for the entire valley was 
compile d in Table 11 in the main study. Mean monthly estimates are 
~vailable on the file. 
Evapotranspirati on during the non- growing 
season 
Studies of e vapotranspiration frorn ice or snow surfaces are 
extreme ly limited and rnany research workers assurne it to be zero. 
Measurements by G. P. Williams (1961) showed radiation ab sorbed by 
snow to be l e s s than that ab sorbed by ice. and that ab sorbed by ice to 
pe less than that absorbed by water. In other words, evaporation from 
water s hould b e higher than frorn ice or snow. Neglecting other factors, 
the a s sumption was that the ratio s of evaporation of water to that of 
ice or snow depend on the total a .rnount absorbed radiation. It was 
estirna ted that the rate of evaporation from ice or snowrn:i.ght be 25 
percent and 20 percent respectively of evaporation from water. 
Assuming that the entire area was covered by ice or snow, the total 
evapotranspiration during the non-growing season for the valley was 
determine d. 
Estimation of evapotranspiration of the 
mountain area 
Evapotranspiration from the .mountain area is alar ge portion of the 
loa 
outflow from the entire watershed. In general, there are three approaches 
used to estimate the evapotranspiration from the mountain area. 
1. E stirn.ation frorn. the potential evapotran spiration by a heat 
index map with adjuatme nt of evapotranspiration on the mountain front. 
2. Estirn.ation by the integration .rn.ethod using the same consumptive 
use coefficient, k, which was used in thern.ountain front area and then 
~djusting the result by a tern.perature change and elevation factor. 
3. Estimation by the hydrologic equation: 
In .se.rn.i-arid areas like Utah, the first approach is seldorn. used. 
It should e specially not be used on the west side of the Wellsville 
mountain with its steep slopes close to the study area boundary and small 
area, where the potential evapotranspirationrn.ight exceed the total 
precipitation. To u s e the second approach, data on soil cover for the 
mountain rn.ust be available. Both the Blue Spring Hills and Wellsville 
Mountains are rock- soil type mountains. The vegetation which grows 
on the mountain surfa c e is composed of dry grasses and arid vegetation. 
An e sti.rn.ate of evapotranspiration on thi s type of land cover by the 
combination coefficient, k, for dry vegetation and bare soil, the water 
use would be no .rn.ore than 10 inche s. Even though 10 inche s annual 
evapotranspiration on a mountain covered with dry vegetation is 
reasonable, verifica tion must be made to get rn.ore accurate information. 
In this study, verification was obtained by using the hydrologic 
equation. Table 35 shows the evaluation of each item in the simple 
l;"elations. The monthly values were also determined by the proportion. 
of the .monthly values of potential evapotranspiration on the mountain, 
(see Table 36 ) . 
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Table 35. Evapotranspiration from mountain areas, 
Bear River Delta, Utah 
a. Annual possible water contributions to groundwater: 
1. Total spring discharge, IG 
2. Water contribution from groundwater 
in non- agricultural lands, W GN 
3. Deep percolation in irrigated 
land, W GI 
4. Possible contribution to 
groundwater in the mountain, W GM 
Subtotal 
b. Annual evapotranspiration in the mountain area: 
1. Annual total precipitation 
on the mountain area IpM 
2. Annual overland runoff from the 
mountain IRM 
3. Pos sible contribution to 
groundwater W GM 
4. Evapotranspiration in the 
mountain area E t M 
104 
Acre-feet 
58,500 
62,610 
121,110 
81, 190 
39,920 
+166,580 
- 29,180 
- 39,920 
97,480 
105 
Table 3b. M.ean monthly total evapotranspiration, Bear River Delta, Utah 
...... 
Valley Mountain Total 
Month (acre-feet) (acre -feet) (acre -feet) 
Jan. 5750 730 6480 
Feb. 7830 1010 8840 
March 12220 1560 13780 
April 42930 6340 49270 
May 80440 12880 93320 
June 117470 18860 136330 
July 127300 20420 147720 
Aug. 110000 17750 127750 
Sept. 63310 10210 73520 
Oct. 38880 5980 44860 
Nov. 8660 11 00 . 9760 
Dec. 5460 640 6100 
ANNUAL 620250 97480 717730 
Appendix F 
Tables for Water Budget Study 
Table 37. Snow storage on ground during frost period, 
Bear River Delta, Utah 
Oct. 23 0 . 0 9 0.35 
Nov. 0 . 30 1. 21 
Dec. 0. 3 1 1. 25 
Jan. 0 . 2 3 1. 27 
Feb. 0.31 1. 23 
Mar. 0.35 1. 40 
April 17 0.20 0.84 
Season 1. 88 7.55 
}:< Considering the snow evaporation only 
Snow 
storage 
0.26 
0.91 
0.94 
0.95 
O. 92 
1. 05 
0.64 
5.67 
106 
Table 38. Monthly net water surface evaporation, Bear River Delta, Utah 
North Corinne South Corinne 
Period W = E - I W = E - I 
w w P w w p 
inches acre-feet inches acre-feet 
Frost Eeriod 
Oct. 23 - O. 13 - 50 - O. 13 - 300 
Nov. -1. 00 -350 -0.92 -2300 
Dec. -1. 14 -450 -1. 12 -2700 
Jan . -1. 16 -450 -1. 13 -2700 
Feb. -1.04 -400 -1. 01 -2500 
Mar. -1.04 -400 -1. 00 -2500 
Apr. 17 -0.29 -100 -0.24 - 600 
Subtotal -5.80 -2200 -5. 85 -13600 
Frost free :eeriod 
Apr. 18 2. 12 800 0.96 2400 
May 5.73 2100 6.03 14900 
June 7.24 2700 7.35 17800 
July 9.85 3700 10. 52 25900 
Aug. 8.65 3200 8. 86 21800 
Sept. 4.78 1800 5.04 12400 
Oct. 22 1. 11 400 1. 28 3100 
Subtotal 39,48 14700 34.48 98300 
Annual 33.68 12500 28.93 84700 
Total 
acre-feet 
- 350 
-2650 
-3150 
-3150 
-2900 
-2900 
- 700 
-15800 
3200 
17000 
20500 
29600 
25000 
14200 
3500 
113000 
97200 
...... 
o 
-J 
Table 39. Monthly net municipal water use, Bear River Delta, Utah 
North Corinne 
municipal South Corinne 
Period Ep-Ip use Ep-Ip 
Frost Eeriod inches acre - feet acre-feet inches acre-feet 
Oct. 23 - . 12 0 580 -0.35 100 
Nov. -1. 00 -1 200 1500 -0.94 300 
Dec. 
-1. 13 -1400 1550 1. 12 350 
Jan. -1. 15 -1400 1550 1.11 350 
Feb . -1. 02 -1200 1400 1. 01 300 
Mar. -1. 02 -1200 1550 1. 02 300 
Apr. 17 -0.04 50 850 0.59 200 
Subtotal -5.24 -6450 8980 6. 14 1920 
Frost free Eeriod 
Apr. 18 -5.90 -6650 -6.70 
May 1. 40 1680 1. 40 
June . 1. 12 1350 1. 17 
July 1. 23 1480 1. 30 
Aug. 1. 20 1440 1. 24 
Sept. 1. 14 1370 1. 19 
Oct. 22 0 0 1. 10 
Subtotal 0.19 650 1. 91 
Annual 9600 
municipal Total 
use W 
acre-feet t acre-feet 
100 7 00 
400 1900 
400 1950 
400 1950 
470 1800 
410 1950 
230 1080 
2330 11330 
-17 80 -8430 
480 21 60 
370 1720 
410 1890 
400 1840 
380 1750 
350 350 
610 1260 
2900 12500 
>-' 
o 
00 
Table 40. Deep percolation in irragated areas, Bear River Delta, Utah 
Percent Possible deep percolation to soil (acre-feet)a 
of irri-
Irrigated land gation Apr. 18 May June July Aug . Sept. Oct. 22 S ea son 
(ij 
(1) 
H 
(ij Alfalfa 3 0 2702 4627 6089 4883 1983 20285 
(1) 
546 s:: Barley 35 1523 3477 4700 143 10389 
s:: 
·M Pasture 30 1220 1973 2641 2147 1027 9009 H 
0 Wheat 35 1675 3832 5121 626 193 11447 U 
.£: Sugar beet s 30 832 2082 3558 3024 1493 10990 
...... Other row crops 35 870 1633 2308 1767 521 7100 H 
0 Orchard 30 Z 
Subtotal 32 8823 17625 24419 12993 5360 69220 
(ij 
(1) 
Alfalfa 30 77 418 713 949 760 311 93 3322 H (ij 
Barley 35 24 237 535 720 85 24 25 1648 (1) 
s:: Pasture 30 30 188 327 400 325 15 6 40 1468 s:: 
·M Wheat 35 20 240 546 723 90 28 26 1673 H 
0 Sugar beets 30 20 130 318 540 459 229 50 1748 U 
.£: Other row crops 35 16 112 209 290 222 66 16 933 
...... 
;::l Or chard 30 4 1 149 231 308 248 128 74 1180 
0 
(f) Subtotal 32 230 1475 2880 3932 2 188 940 324 11970 
TOTAL 32 230 10298 20505 28352 15182 6300 324 81190 
aComputed by the ratio between percentage of deep percolation and the percentage of irrigation 
efficiency ti.me the computed comsumptive use minus rainfall during the growing period. 
....... 
0 
~ 
Table 41. Monthly net water use for irrigated land, North Corinne, Bear River Delta 
Ite.m Apr. 18 May June July Aug. Sept. Oct. 
E (inche s) 
I 
O. 34 3.84 6.05 7.40 4.40 2.41 O. 58 
Ip (inche s) 0.65 0.58 0.98 0.56 O. 60 1. 00 0.87 
I (inche s) O. 11 O. 31 0 
R 
0 0 0 0 
E - (I - I ) I P P -0.20 3. 57 5.07 6.84 3.80 1. 41 -0.29 
Residual soil moisture 
storage (inche s) 5.87 2. 30 -2 . 77 -6.84 -3.80 -1. 41 o. 29 
Water needed to supply 
soil deficiency (acre-feet) 0 0 16000 40000 22000 8000 0 
Possible deep percolation 
(acre -feet) 0 8800 17500 24400 13000 5300 0 
New water use, WI 0 8800 33500 64400 35000 13300 0 
Season 
25.02 
5.24 
0.42 
20.20 
14.82 
86000 
69000 
155000 
..... 
..... 
o 
Table 42 . Monthly ne t water use for irrigated land, South Corinne, Bear River Delta, Utah 
Item April 18 May June July Aug. S.ept . Oct. 
E1 (inche s) 0.97 3.97 6. 15 7.46 4.65 2. 61 L 42 
1p (inche s) O. 65 0.58 0.98 0.56 0.60 1. 00 0.87 
1R (inches) 0.02 0.06 0 0 0 0 0 
E - (I - I ) I p R O. 34 3.45 5. 17 6.90 4. 05 1. 61 0.55 
Residual soil moisture 
storage (inche s) 5.33 1. 88 -3.29 -6.90 -4.05 -1. 61 -0.55 
Water needed to supply 
soil deficiency (acre-feet) 0 0 3000 7000 4000 1500 500 
Pos sib le deep 
percolation (acre-feet) 300 1500 2900 3900 2200 900 300 
Net water use, WI 300 1500 5900 10900 6200 2400 800 
VALLEY TOTAL 300 10300 39400 75300 41200 15700 800 
Season 
27.23 
5.24 
O. 08 
22.07 
16.40 
16000 
12000 
28000 
183000 
I-' 
I-' 
I-' 
Table 43. Monthly net water use by native vegetation and bare soil, Bear River Delta, Utah 
c\l Item Apr. 18 May June July Aug . Sept. Oct. 22 Season 
(\) 
!-< 
c\l Precipitation I O. 65 1. 58 1. 08 0.46 O. 60 1. 00 0.87 6. 24 ~ Overland runoN IR O. 12 o. 29 0 . 41 
. ~ Evapotran spiration EN O. 35 2.73 3.74 3. 58 3. 22 1. 84 0.74 16 . 20 
3 EN - (Ip - IR ) - O. 18 +1. 44 +2.66 +3. 12 +2.62 +0.84 -0 . 13 +10. 37 
-:5 Re sidual soil moisture 
!-< 
0 ' storage +5.85 4.41 +1. 75 -1. 37 -2 ,- 62 o ,84 +0. 13 . -4 , 70 
Z Net W N 0 0 0 +6085. 5 +11638.5 1-3731. 5 -577.5 +20878.0 
~ Precipitation Ig O. 65 1. 58 1. 08 0.46 0.60 1. 00 0.87 6. 24 
~ Overland runo IR 0.12 o. 29 0 . 41 
~ Evapotranspiration EN 1. 91 2.94 5.06 4. 15 3.86 2. 11 1. 87 21. 96 
.5 EN - (Ip - IR ) +1. 38 +1.65 +3.98 +3. 69 +3. 26 +1. 11 +1.. 00 +16.13 
!-< 3 Residual soil moisture 
4. 29 2. 64 -1. 34 -3.69 -3.26 -1. 11 -1. 00 -10.46 
..c storage g Net W N 0 o +9282.0 +25559·5 +22581. 0 +7688.5 +6926.5 72037.5 
\J) 
TOTAL 0 o +9282.0 +31645.{) +34219·5 +11420.0 +6349. 0 +92915.5 
...... 
...... 
N 
Appendix G 
Frequency of Occurrence for Streams of Bear River Delta 
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Figure 23. Frequency distribution-monthly streamflow- Bear River near Collinston, Utah . (1890:-1963) 
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Malad River near Plymouth (correlation from Malad 
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Figure 30. Frequency distribution-monthly streamflow- Box Elder Creek near Brigham City 
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Figure 31. Frequency distribution-monthly streamflow -Brigham and Ogde n canal 
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Figure 32 . Frequency distribution- monthly precipitation-Garland 
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Figure 33. Frequency distribution-monthly p recipitation-Corinne 
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Figure 34. Frequency distribution-monthly precipitation - Bxigham C ity 
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List of Special Maps 
Table 44. Aerial photographs, Bear River Delta, Utah 
Expo- Are a covered i 
No . Syrnbo Roll sure T. R. Sections Scale 
1 AAH 5W 57 9N5W 1, 2 660' I 1" 
10N5W 35, 36 
2 59 10N5W 23, 24, 25, 2Q 
3 61 11, 12, 13, 14 
4 120 10N4W 5, 6, 7, 8 
5 122 17 , 18 , 19 , 20 
6 124 29, 30 
7 126 9N4W 5, 6, 7 , 8, 17 , 18 
8 127 19 , 20, 29, 30 
9 129 8N4W 31, 32, 5, 6 
10 131 7, 8, 17, 18 . 
11 133 19, 20, 29, 30 
12 159 llN4W 21, 22, 27, 28, 33, 34 
13 161 10N4W 3, 4, 9, 10 
14 163 15, 16, 21, 22, 27, 28 
15 165 33, 34 
9N4W 3, 4 
16 167 9N4W 9, 10, 15, 16 
17 168 21, 22, 27 
18 170 28,33, 34 
19 172 8N4W 3, 4, 9, 10, 15, 11 
20 174 21, 22, 27, 28 
21 178 7N4W 15, 16, 21, 22 
22 180 8N4W 23, 24, 25, 26 
23 182 11, 12, 13 , 14 . 
24 184 1, 2 
9N4W 35, 36 
25 186 23, 24, 25, 26 
26 187 1, 2, 11, 12, 13 , 14 
27 189 10N4W 25, 26, 35, 36 
28 191 13, 14, 23, 24 
29 193 1, 2, 11, 12 
30 195 I1N4W 23, 24, 25, 26 
31 6W 42 10N3W 7, 8, 17, 18 
32 44 19, 20, 29, 30 
33 46 10N3W 31, 32 , 
9N3W 5, 6 . 
34 48 17, 18 , lSL 20 
35 50 29, 30, 31, 32 , 
8N3W 5, 6 
127 
Tab le 44. Continued 
: 
Expo- Area cqvered 
) 
No. Sym.bol Roll sure T. R. Sections Scale 
- --
36 AAH 6W 52 8N3W 7, 8, 17, 18 660' / 1" 
37 54 19, 20 
38 56 29, 30, 31, 32 
39 65 33, 34 
7N3W 3, 4 
40 67 8N3W 21, 22, 27 , 28 
41 69 9, 10, 15, 16 
42 71 9N3W 27, 28, 33, 34 
43 73 15, 16 , 21, 22 
44 75 ~, 4, 9, 10 
10N3W 33, 34 
45 77 21, 22, 27, 28 
46 79 9, 10, 15, 16 
47 81 3, 4 
I1N3W 27, ?8, 33, 34 
48 125 1, 2 
I~N3W 11, 12, 13, 14 
49 127 23, 24, 25, 26, 35, 36 
50 129 I1N3W 1 ~ 2, 11, 12 
51 131 13, l4, 23, 24 
52 133 25, 26, 35, 36 
10N3W 1, 2 
53 135 11, 12, 13, 14 
~4 137 24, 25, 26 
55 139 35, 36 
9N3W 1, 2, 11, 12 I 56 141 13, 14 , 23, 24 
57 143 25, 26, 35, 36 
8N3W 1, 2 
58 145 11, 12 , 13, 14 
59 147 23, 24, 25, 26, 35, 36 
60 149 7N3W 1, 2 
61 154 8NZW 29, 30, 31, 32 
62 156 17, 18, 19, 20 
63 158 5, 6, 7, 8 
64 160 9N2W 29, 30, 31, 32 
65 162 7, 8, 17 , 18, 19, 20 
66 164 5, f} 
10N2W 31, 32 I 67 166 19, 20, 29, 30 
I '-=~-- '-~ 
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Table 44. Continue d 
: 
Expo- Area cQvered 
I 
No. ~yrnb o l Roll SUl1e T . R . Sections Scale 
, 
68 AAH 6W 168 10N2W 7. 8. p , 18 660 ' / 1" 
69 170 5, 6 
11N2W 29. 30, 31. 32 
70 172 17. 18. 19, 20 
71 17 4 5, 6. 7. 8 
72 176 12N2)'\r 19, 20, 29, 30. 31, 32 
73 178 7 . 8. 17 , 18 
74 180 5, 6 
13N2W 31, 32 
75 7W 16 +ON2W 9. 10. 15, 16 
76 18 27, ~8, 33, 34 
77 20 3. 4. 9. 10 
78 22 21. ' 22. 27. 28 
19 23 ~3, 34 
80 8W 57 9N2W 10 331' / 1" 
81 59 15 
82 61 l? 
83 63 27 
84 ' 65 . 34 
85 71 8N2W 15 
86 142 23 
87 144 28 
88 146 ~1 
89 148 16 
90 150 9 
91 15 2 33 
92 154 9N2W 4 
93 156 28 
94 158 .21 
95 160 16 
96 162 9 
Table 45. U. S. Geological Survey mat>s, Bear River Delta, Utah 
! 
No. Title Series Number Year Scale 
1 Tremonton N4137.5 - W 11207. 5 / 7. 5 1961 1 :24000 
2 Pub li c Shooti ng -Grounds N4130 - WIl215 / 7.5 1954 1 :24QOO 
3 Bear River City N4130 - Wll207. 5 1 7.5 1955 1 :2400-0 
4 Brigham City N 41 3D - W 11 200 / 7-- 5 1955 1 :2-4000 
5 Brigham City NK12 - 7 1962 I: 250000 
-
6 Ogden NK12 - -a 1~59 1 :2500(){) 
= 
7 Salt Lake City NK12 - -II 1959 1 :250000 
8 Mount Pisgah N4130 - Wl1l5230 f 7.5 1955 I :24090 
9 Mouth of Bear River N 4122_ 5 - W I 1 2 1 5 / 7_ 5 1955 1 :24000 
1-.-0 Whistler Canal N4122.5 - W11207. 5 j 7.5 1954 1 :24000 
II Willard N4122.5 - W11-Z{)0 /7--5 1955 1 :24000 
-
12 Mantua N41Z2. 5 • W1115Z_ 5 / 7 .5 1955 1 :24000 
13 Wi llard Spur N4122.5 - WI1200 / 7.5 1955 1: 24000 
14 Plain City. -:S. W. N411S - Wl12U7. 5 / 7.5 1955 1 :24000 
-15 Plain City N 411 5 - W 1 120 e / 7. 5 1955 1: 24(J00 
16 Fr.emont Island N41075 - Wll215 / 7.5 1~55 1 :24000 
I 17 Ogden City N41075 - W11152. 5 / 7.5 1955 I 
1 :24000 
18 Ogden Bay N41075 - W11207. 5 / 7.5 I 1955 I :24000 
_____ ____ ______ ----.L _________ _ _ ______________________ .-l ___ ~ __ . _____ i. ___ --N 
--0 
Table 46. Special maps, Bear River Delta, Utah 
No. Name 
I I-SOil map 
2 Ground-water table 
3 I Alkali content 
4 I Box Elder -County 
5 Brigham City 
6 Ogden B.ay Refuge, Howard Slough 
and Vicinity 
7 Mean annual pre.cipitation 
8 Geographical distribution of 
precipitation 
9 I A vai-lab le heat and potential 
.evapo ~transpiration 
10 I Mean annual runoff 
11 I Utah Groundwater reservoir s 
Scale 
5280' / 1 I~ 
5280' / 1" 
5280' / 1" 
2 miles I 1" 
1694' I 1" 
16 miles / 1" 
8 miles I 1'1 
1.6 -mile s J 1" 
8 miles / 111 
8 miles / 111 
8 tnUe s / 1 II 
1"1 
Publisher 
1904, Bureau of Soils 
1904, Bureau of Soils 
1904, Bureau of Soils 
1952, U. S. D. A. Soil Conservation 
Service 
Brigh.am City Municipal Corporation 
Weber County Office, 1960 
Utah State Uni ver sity and 
Utah Water and Power Board 
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